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ABSTRACT 
 
The purpose of this IQP is to assess the case for space stations in different 
scenarios. Methods used to study this topic were internet, book, and video research. 
Scenarios include an orbiting research facility, a Moon-to-Earth trade system, space 
tourism, and man-tended platforms. We try to determine whether a space station would 
be beneficial or have no effect in each particular case. The International Space Station is 
also referred to and some possible uses for it are touched on in these scenarios. 
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INTRODUCTION 
 
“Had the decision been mine, we would not have built the space station we’re 
building in the orbit we’re building it in.” Michael Griffin – Chief NASA Administrator.  
NASA spent 25 years asking for the mission to build a space station, and finally, 
after watching the Salyut and Mir Cosmonauts set record after record in terms of time in 
space, got the “go ahead” from the Reagan administration to build what is now the 
International Space Station (ISS). However, the station is now considered to be an 
albatross, holding back the agency rather than advancing it. Things are pretty bad when 
an idea is so discredited that the Chief Administrator of NASA disowns the main work of 
his three immediate predecessors, and essentially tries to resume where the Apollo 
program left of 30 years ago. 
So after all this talk about how useless the space station is, why should we (the 
people of the Earth) build a space station? We should build a space station to facilitate 
our expeditions in space and save resources in missions that would be spent if we did not 
use a space station. This is the easy question. The hard one is that we must determine if a 
space station will be cost effective and beneficial to the mission profile it is being used 
for. Thus, we consider Mr. Griffin’s dismissal of the idea of space stations premature. 
The answer may vary with the various potential uses of a space station. Rather than 
looking at just a typical mission, one should instead look at a number of different 
scenarios in which the use of one or more space stations may prove to be beneficial. 
Likely scenarios include such uses as a space port, housing for space platform tenders, 
and a zero gravity research facility.  
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Each of these scenarios must be looked at on its own merits and any benefits and 
resource savings should be taken into account, while also looking at the disadvantages.  
Mission planners must consider the possibility that the design of the space station for its 
main purpose may exclude other possible uses. We intend to discuss any technological 
breakthroughs that will be needed for the operation of the station we have in mind for a 
given mission. We will not concern ourselves with the potential incompatibility of the 
existing International Space Station with mission needs. There will be no compromise to 
support a range of missions, and incompatible demands of the ones we propose for 
different purposes will not be compromised either. Our concern is to make the case, if it 
can be made, that a space station would be worth having for each of the range of potential 
missions that we are considering. 
There are different questions that we are going to need to focus on. One of the 
questions that we are going to address is the issue of commercialization; can a space 
station pay for itself?  It is hard to ignore the drive for earning money in the vast expanse 
of space if one wants to operate there regularly or continuously.  Space exploration 
requires many resources and money, and one of the main reasons that the United States is 
ahead in the game is due to the large amount of money that has been dedicated to 
projects.  It is not clear that so large a sum was necessary given the yield, but it was 
provided. The political priority that made that possible was associated with national 
security however.  Now space seems much less relevant to national security and a better 
case can be made for commercial advantage.   What if one can make more money in 
space by using a space station than one could without one?  This would bring a whole 
new drive for space stations if they were cost effective.  If the people of the Earth wanted 
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to receive a steady stream of resources from other places in space, the gains from using a 
space station could be very large indeed. 
 There are a few scientists and space advocates that are speaking of the possibility 
of mining Helium 3 from the Moon.  Helium 3 would be an ideal fuel to be used in fusion 
reactors and would be a very valuable resource if it can be obtained.  Probably the only 
way to mine it with current technology would be to have a manned space base on the 
Moon primarily just to support the mining of helium.  This may not be a very efficient 
way of mining this resource since, with the current design of manned spacecraft, there 
would be very little room to transport the gas back to the Earth.  If there is an easier way 
of delivering gaseous freight, this form of helium could be very useful on Earth and in 
space. 
A gas trade system that got underway having space stations in between the Earth 
and the Moon would allow for a possible division of labor and resources to make this 
exchange more profitable.  If we had a space station in orbit around the Moon and a 
mining system down on the Moon also, the biggest challenge is getting the helium gas up 
to the Lunar orbiting station. Once it is there, there are many unmanned modes of 
transportation that can be used to take it to Earth orbit. There, one might want another 
intermediate space station with which shuttles from Earth could dock. The benefits of this 
system (inter space station transport) would be a much lower energy consumption rate 
because the transport ships could be unmanned and thus travel at a much slower pace 
than a ship carrying humans. Exotic technologies such as an ion drive (slow but using 
little fuel) would be very useful in this scenario.  Imagine many ships constantly bringing 
helium to a space station which orbits the Earth.  The last problem would be how to get 
the helium down to the Earth, maybe it can simply be dropped, but most likely it will 
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have to be sent down in another specialized shuttle craft so that it can safely reach the 
Earths surface.  This whole process of mining helium can be a very lucrative business if 
done correctly. 
Another form of commercialization would be the transport of people.  
Considering the example of Earth to the Moon travel, and later to Mars, an interesting 
question arises.  Can human transport be accomplished more efficiently with or without 
the aid of space stations?  Similar to the issue of transporting helium, one is able to 
produce specialized vessels for the required task if one has stations.  The reason that this 
would be more efficient is that we would now not have to build an all purpose space 
transport to travel to Mars.  If we have a space station in the Earth’s orbit and one in Mars 
orbit, we can build three very specialized transport vehicles that will almost certainly 
save on time and fuel.  The vessel in between space stations can be very large and 
consume less fuel than the take off craft from the Earth because one doesn’t have to 
worry about the landing and the take off phase of space travel.  Also being able to build a 
specific vehicle for the travel between the space station and Mars makes it easier to 
complete the trip. One can focus on just the landing and the take off paths using existing 
concepts for the first phase. The capacity need not be extra large since we can make 
multiple trips to the space station. It is then in space that a massive capacity craft one can 
live in for months and carry everything necessary would be assembled. 
The transport of people can be expected to lead to a future space tourism industry.  
We have already witnessed small-scale space tourism with the launch of paying 
customers. In the future, a space station built as a type of space hotel may prove to be a 
profitable enterprise. Space stations may also play a role in the transportation of tourists 
to either the Moon or Mars.  The first trips to Mars, however, are going to be mainly 
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scientific exploration missions.  So while we may be designing space stations as part of a 
cargo transport system, it can affect issues in science, plainly by allowing human bodies 
to travel to Mars more easily than a single-vessel space mission would accomplish. 
 One role that a space station may be well suited for is the production of materials 
in space. This is tied in with the whole scientific rationale for a space station as an 
orbiting laboratory. Currently, the International Space Station is basically a scientific 
research platform; however, its mission is not yet well defined enough to support 
production. It is used to conduct a wide variety of research projects but not one thing in 
particular that it is optimized to do efficiently. 
Currently it is known that certain medicines such as antibiotics can be produced 
either more easily or more purely in a very low-gravity environment. A space station may 
one day be built for the sole purpose of the production of such materials. This will have 
impacts in both the scientific and commercial world.  
Scientifically, there is a lot of research to be done on what types of things benefit 
from production in a low-gravity environment, and how these things should be produced. 
One branch of the commercial industry that would possibly benefit greatly is the 
pharmaceutical industry. It is thought that certain pharmaceutics can be produced in a 
much more pure form in space. It may be beneficial to produce these drugs on an 
unmanned orbiting laboratory and then ship them down to Earth.  
Many questions arise from this scenario. Would the production of substances and 
materials in space be worth the cost? On one hand, you may be able to produce the purest 
pharmaceuticals, but producing a quantity large enough to pay for the facility may prove 
to be difficult. How would you actually produce these materials and substances? Would 
the space station be some sort of automated manufacturing facility or could these things 
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be done in the sort of manned station we have now? What type of transportation craft 
would have to be used? One would also have to determine what orbit the station would be 
in.  
Another role the space station could be a part of is the control center of a group of 
man-tended space platforms. The European Space Agency (ESA) has shown that 
unmanned space activity can be profitable. Perhaps the space platform could be as well. 
The platform can hold a variety of instruments such as those used in current satellites 
which could be easily repaired and upgraded; this is what could make it so valuable. This 
is the kind of work best done by people. It would probably be beneficial for these people 
to stay in space for a few months at a time since it would be costly to launch a shuttle for 
every repair mission. The space station could be used as housing for these workers who 
would use some sort of small shuttle craft for a short trip from the station to the 
platforms. The European Space Agency (ESA) had a two man shuttle called “Hermes” in 
mind that would ride on a standard Ariane rocket. 
Is the International Space Station (ISS), as NASA administrator Michael Griffin 
said, a mistake, or can the station be salvaged and put to good use in a role it was not 
originally intended for? This is a question that must be answered when thinking about 
each of the scenarios that we have laid out. 
It is generally agreed that if the station is to be used as a port, i.e. to send and 
receive cargo and people moving between Earth and the Moon or Mars, it is in the wrong 
orbit. The best orbit for a space station of this type is GEO (Geosynchronous Orbit) while 
the ISS is in LEO (Low-Earth Orbit). One of the questions we will have to answer is 
whether the current space station can in any way be moved to a new orbit and whether 
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this would be cost effective or if it would just be easier to build a new station where it is 
needed? 
The other problem is the configuration of the ISS. Currently, it is used more for 
scientific research than anything else. Even if the station could be moved to GEO, could 
it be configured into a space port? Perhaps new modules could be sent to it, while still in 
LEO to serve this purpose. 
Another new use for the International Space Station may be support for tended 
platforms. Can the ISS be used as a type of command center that would coordinate 
installation, repairs, upgrades, and general maintenance? In this case, the space station 
could probably be left in its current orbit, and would be much cheaper than building an 
entirely new station, but one would have to launch at least 10 and preferably 20 space 
platforms at about $1,000,000,000 each before the ISS goes out of service, in 10-15 years 
based on the experience with Mir. 
If the station is used as a scientific research facility, the ISS can also be left in its 
current position, but more modules would most likely have to be added to facilitate the 
manufacturing or production of pharmaceuticals, materials, etc. Separate platforms would 
be cheaper to build but harder to get to, to service them. 
So much time and money has been put into the ISS (not only NASA but other 
space agencies as well) that it would be a shame if we were to lose the station altogether. 
Finding it another home would be much more suitable, but it is not clear what it would be 
good for that would allow it to pay for itself during its design life. 
 In the end, we hope to have a list of viable scenarios and have assessed the 
possible benefits of having a space station for each one and not worry too much about 
recycling the ISS. In the end, we think we can prove that space stations can be used to 
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save or make money, save lives, and assist space exploration, if they are designed as part 
of specific missions. The orbiting lab idea behind the ISS actually has some merit, so we 
will begin by exploring that. The problem is, that to be cost effective, one can only afford 
to spend about $1 billion to 2 billion putting a laboratory into orbit. In short, we need 
something more like Skylab than ISS to make the concept pay, so ISS is costing about 10 
times too much to build so far. It is not yet finished. Hence, it will never pay for itself and 
has discredited a sound concept. 
Before looking again at what value there would be in having a more modest 
orbiting laboratory, it is appropriate to review the brief history of the Russian and 
American experience with space stations. There are very different philosophies involved, 
and the designs we have seen coming out of each program reflect these differences in 
emphasis regarding how the same basic technology should be used. 
Following that digression we will move directly into the discussion of the orbiting 
lab concern in which the Russian and American philosophies are clearly displayed, and a 
case can be made for the Russian approach in this field. 
Before turning to trade and tourism, we will again digress into literature review in 
an effort to understand the source and logic of the anti-space station logic in NASA that 
Griffin expressed so clearly. The work of Robert Zubrin and the “Mars Direct” mission 
concept is critical background for the subsequent discussion. Our critique of Zubrin 
recognizes that he has found a way to do without space stations in establishing bases on 
the Moon and Mars. It is bold, and brilliant as a plan to move up the timetable for space 
exploration. What we question is whether it is wise, or cost effective in the long run to do 
without them. We think not as our sections on trade and tourism will demonstrate. 
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LITERATURE REVIEW 
 
Zimmerman 
 
In researching the topic of the applicability of space stations in different 
scenarios, it is appropriate to research the space stations of the past and the debate about 
their value. We wanted to know how they might influence our vision of the space stations 
in our scenarios and also how the stations in our scenarios relate to the two main 
ideologies for space stations, provided for the most part by Von Braun and Korolev.  
 In reading Robert Zimmerman’s book, Leaving Earth, we were presented with a 
detailed description of the Russian and United States’ space station programs. The author 
describes in great detail each of the Salyut space stations that the Soviet’s put into orbit as 
well as American efforts such as Skylab. 
 Since the early days of human space activity, there have been two distinct 
mindsets in terms of what a space station’s purpose should be. According to Sergey 
Korolev, the head Soviet rocket engineer in the 1950’s and 1960’s, a space station’s 
purpose is to serve as a training facility and precursor to an interplanetary vehicle. The 
idea is that a space station is the vehicle and is simply lacking the drive with which to 
propel it.  
Korolev believed that building small space stations was the way to go. Research 
could be conducted on these stations to further our knowledge on the effects of space on 
the human body. During the Salyut missions, the Soviets experimented with exercise and 
long duration excursions. They found that exercise helps the human body cope with 
degradations of the body’s skeletal and muscular systems. The Soviets also experimented 
with growing plant life in space (although never really figured out how to do it correctly). 
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Their ultimate goal was to one day build a drive that was capable of propelling a 
spacecraft to other planets in a reasonable amount of time and to basically strap this drive 
to one of their space stations, making it an interplanetary spacecraft. 
 The Americans and a German scientist named Wernher Von Braun, had a 
different point of view when it came to the role of a space station. Von Braun had been 
influenced by a German writer and visionary named Willy Ley. Ley was highly 
successful in popularizing the idea of spaceflight and exploration. He became Von 
Braun’s first rocket tutor around the same time that his first two books were published. 
Ley came to the United States before World War II and quickly earned a reputation as a 
visionary of the coming Space Age. 
Through Ley’s idea’s, Von Braun’s adopted a different view of a space station 
than the Russians. This view was that a space station should be a very large structure, 
usually built in space. These are the kinds of space stations you see in movies or read 
about in books that have the large rotating section that creates artificial gravity and serves 
as a hub for all kinds of spacecraft traveling to and from different planets. Von Braun and 
the Americans envisioned space stations as being “stepping stones to the stars.” 
Eventually, they thought, we would have these large space ports stretching across the 
solar system and eventually to other stellar systems.  
The Americans never wanted to build a space station, such as Skylab, and strap a 
drive on it. They still performed many of the same experiments and tasks that the Soviets 
did on their stations however their ultimate goal was to use a space station as a large hub 
of activity. They wanted practice building large structures in space. This is one of the 
main reasons why we are currently in the (bogged down and ridiculously expensive) 
process of building the International Space Station.  
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 One of the reasons the Soviets were so successful in their Salyut program was 
because of the Korolev ideology. They began their space station program for one main 
reason: they lost the moon race. After Korolev’s death, the Soviet scientists could not get 
their N1 moon rocket to operate correctly (it blew up 4 times on test launches) so they 
reverted their efforts to a space station program. By constructing small stations rather 
than behemoths, they were able to easily produce them on an assembly line and launch 
them in one shot, do the work they needed to do, and when the station was no longer 
usable, they could launch another with modest improvements. Mir was well beyond its 
design life when it failed. A station the size of the International Space Station is simply 
too large and expensive to be an orbiting lab. We do not yet have the need or the 
resources for a station of that size. Perhaps later in our exploration of space we will have 
the use for such a large structure in a place that makes it a departure point for other 
planets or the moon. 
Zimmerman also explains in his book how we are hurting ourselves and the 
progress of space expansion because of, in large part, politics. He explains how rather 
than saving Skylab, a wonderfully performing space station, with our last Saturn V 
rocket, we instead opted to perform a joint mission with the Soviets to show the world 
that we cared about each other and demonstrate cooperation in space during the Cold 
War. The same occurred with the International Space Station. Rather than building a U.S. 
space station, we asked for the cooperation of countries all around the world which may 
have seemed like a nice idea at the time, but it created a complete mess in terms of cost 
and cooperation. The orbit of the station had to be changed so that the Russian’s could 
access the station, resulting in the ISS being in a useless orbit for a departure point to the 
Moon or Mars. 
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 Zimmerman claims that currently the Russian space program is relying on 
capitalism for its survival because it must. Russia itself is bankrupt never mind their 
space program. In order to continue with operations, they have had to sell tickets to MIR 
and now to the ISS. This is not necessarily a bad idea either. The Russians are finding a 
way to generate some revenue, even if it is not a profit. By contrast, NASA appears to be 
more interested in keeping itself alive than in advancing the space program and has less 
excuse to stagnate at the current level of technology. 
 Zimmerman’s ideas and the dual ideology of the purpose of a space station ties in 
to our project in that the different scenarios we are researching involve different 
structural arrangements for the space stations. It plays out exactly as predicted as well in 
that the scenarios that are more likely to occur in the near future involve smaller, 
Korolev-type space stations and the scenario that happens farther in the future needs large 
structures to facilitate its needs. 
 With the orbital research stations or platforms, small stations just like the Salyuts 
or Skylab can be used because the same research that was conducted on those space 
stations in the past will be conducted on the new ones. This is one of the main issues with 
the International Space Station; the structure is expandable to the size of a small 
spaceport but its purpose is to conduct the type of research that was done on a space 
station the size of just one of the ISS modules. 
 The later scenario, space tourism, would most likely have large, Von Braunian-
type space stations. If and when the space tourism industry takes off, there will be the 
need to move large numbers of people and in order to do this, you would need a structure 
at least the size of the International Space Station, and maybe larger – but the anticipated 
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traffic will justify the cost of $20 billion construction. An orbiting laboratory would need 
a string of breakthrough research projects to justify so large a facility cost. 
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SCENARIOS TO BE EXAMINED IN THIS PAPER: 
1) Orbiting Research: 
A space station could expand on research already conducted to study the 
biological impact of microgravity and also materials research. 
2) Moon to Earth trade: 
 This scenario involves the transportation of materials back and forth between the 
Earth and the Moon. Materials being moved include possible Helium-3 mined 
from the lunar surface, liquid oxygen (LOX), food, and construction materials. 
3) Moon to Earth/Mars to Earth transport: 
A space station may be useful in facilitating transport of persons traveling to 
either the Moon or Mars. One could launch up to a space station in orbit then 
travel to another space station orbiting the destination in a different vehicle, one 
that would not be required to takeoff and land. This may save energy and 
resources as opposed to having one vehicle for the entire trip. The space station 
could also be used as a refueling station. 
4) Hotels & Tourism: 
We have already witnessed small-scale space tourism with the launch of paying 
customers. In the future, a space station built as a type of hotel may prove to be a 
profitable enterprise. Space stations may also play a role in the transportation of 
tourists to either the Moon or Mars. 
5) Low-Earth Orbit (LEO) Platform Servicing: 
Having a space station as a central command point for a group of orbiting 
platforms may be beneficial. It could serve as a base of operations from which 
one could maintain, repair, and upgrade the instruments on such platforms. 
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ORBITING RESEARCH STATION 
Space medicine has been and is currently being researched in the International 
Space Station (ISS).  The question is whether additional research needs to be done, and if 
it should occur on a space station or a space platform.  There are obvious benefits to 
working on a somewhat stationary space station as opposed to working in a shuttle, but 
research has been done in space shuttles already.  What type of environment is necessary 
to study space medicine?  That question to be answered along with a recommendation 
and explanation of the desired research laboratories is which would be the most efficient 
and useful to use under these conditions. 
 Pharmaceuticals already have a large world-wide market base today.  Antibiotics 
are a necessity to combat bacterial infection and there are no substitutes.  Most drug 
companies are driven by profit, which ultimately benefits us as the consumer.  They are 
in turn looking for faster, improved, and more efficient ways of producing antibiotics so 
more can be sold.  The easiest solution would be to find a way to produce more of 
antibiotic-producing bacteria, and keep them viable in optimum living conditions.  It has 
been hypothesized that, in lower gravity, more of the beneficial bacteria can be produced 
and therefore there is a greater production of antibiotics.  Tests that have been completed 
on the ISS yielded positive results in micro gravitational conditions allow production of a 
higher quantity and greater purity of the desired antibiotics.  This holds promise that in 
the future, mass quantities of antibiotics can be produced in space and transported to the 
earth.  If an efficient method could be developed for transport of the drugs, most likely 
via a space station, the increased profit margin for the pharmaceuticals could be used in 
further research. 
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 Long-term space travel has obvious hardships on the human body.  Due to the 
lack of gravity, muscles do not have to work as hard as they would under normal Earth 
conditions. There is a greater risk of muscle degeneration with longer periods of time in a 
weightless environment. Presently, astronauts can use machines and exercises on the ISS, 
but would this be adequate for traveling a longer time in space, let’s say, to Mars?  
Reports have indicated that weightlessness can be directly linked to osteoporosis.  Further 
assessments in space must be conducted to determine the effects of gravity-free 
environment on people.  Evaluating the performance may not only prove to be more 
efficient on a space station, opposed to multiple trips with a space shuttle, but also may 
prove to be less costly.  If we plan on sending astronauts to Mars someday, testing is 
going to have to be accomplished before we can risk the consequences of long-term space 
travel on humans. 
 The Moon’s surface is inhospitable to plants that grow on earth due to different 
atmospheric components.  However, it may be possible someday to transport to or 
produce some of the gases necessary to support plant growth on the moon.  Yet, the plant 
growth and function may be impacted by the decreased gravity on the moon (1/6th of the 
earth).   It is possible that the plants would grow taller, more full, or perhaps the way that 
the liquid would act in the cells would be so dramatically different that the plant 
characteristics would be severely altered.  Not only should research be conducted to 
determine how plants would react on other surfaces, but additional consideration must be 
given to determine the effects on production and the potential impact as a food source for 
space travel.  With limited storage space for space voyages, alternative agricultural 
methods may need consideration.  It would be important to assess the possibility of 
“space agriculture” as a potential renewable food source for longer space missions.  
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Experimentation on board a space station such as the ISS laboratory would advantageous.  
With the help of imaging equipment, the performance of observation and assessments 
could be done remotely without the presence of scientists on-site.  Since the monitoring 
of controlled experiments involving plant growth could be very time consuming, the 
advantage of having robot controlled, or human monitored platforms could prove to be 
invaluable.  The ability to conduct “space agricultural” experiments, testing the 
possibility of greenhouses and gas conversion on these otherwise inhospitable 
environments would have a profound effect on long-term space travel. 
 Presently consumers are using products in which the manufacturing has been 
impacted by research aboard the ISS. With the current benefits and the potential 
profitability, investments in further research would be very valuable.   Space laboratories 
have the potential to affect the common consumer with the invention of other products 
that can affect our everyday living.  New products are reaching the shelves due to the 
different conditions in space.  The “weightless” environment either allows for simpler 
and more cost effective research possibilities or products designed for space use are 
finding there way into households across the world. 
 An important use of the ISS today is for research.  It has been speculated that the 
current orbit of the ISS is not very useful for many applications.  If another space station 
is going to be developed, there is going to have to be a great enough demand for the use 
of such a vessel.  If medicine production in space continues at the pace is going now, it 
seems very possible that companies are going to pursue these methods of production for 
both the benefit of mankind and profitability.  Money can be made in the space industry.  
It is just a matter of the companies finding the right resources.  Research seems to point 
towards a space station.  Also, there is no better way to study the human body’s 
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interaction in long-term space travel than in a controlled environment above the Earth.  
Humans are not the only form of life that can be researched, plants and microorganisms 
that would be beneficial on the Moon and Mars can be studied in space.  Not only are we 
looking into the future of research in space, but there have been many useful products 
that have been produced from space travel and the ISS.  After a more in depth look into 
these scenarios, it will become more clear about whether a space station for the use of 
space medicine is important would be beneficial to be constructed or not..  
Space Antibiotics 
 
 Research has been conducted regarding the production of antibiotics in space.  It 
was determined that bacteria reproduction is increased and higher level of purity is 
recorded without gravity.  Space production of antibiotics would assist in the reduction of 
pharmaceutical costs for the average person if the cost of transportation can be kept down 
or mass production is instituted.  While the production of the antibiotics or does not 
necessarily have to be done in a space station, or orbiting man tended platform for the 
application requiring near weightlessness (micro gravity), a space station would be very 
beneficial.  With the experiments that have been already done in space, it is obvious that 
there is an interest in medicine production in space.  With companies such as BioServe 
and Bristol-Meyers Squibb and some of NASA’s top engineers working on ways to make 
this happen, it appears that this market is going to develop very rapidly in the near future.  
The potential for profit in this field and the possibility of cutting down pharmaceutical 
costs should spark the government and companies to continue to do research in space to 
maintain a competitive edge. 
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 It was first realized in 1968 that bacteria instrumental in producing common 
antibiotics where more easily grown in space aboard NASA's Biosatellite II (Miller, 
2002).  However, it was not immediately discerned that the link between these microbes 
being produced more easily and the ability to produce antibiotics more rapidly became 
apparent.  It took until the 1990’s before companies started researching this field and 
found that since these microbes are produced in a greater abundance in space, the 
possibility of producing the resulting antibiotics that come from them may also be sped 
up.   Bristol-Meyers Squibb was the first company to actually undertake these 
experiments.  One test showed that there was as much as a 200% increase in antibiotic 
production in test tubes and gas-permeable bags in orbit (Miller, 2002).  
 Pharmaceuticals are such a vital aspect of medicine on Earth and this information 
was valued as a way to produce more antibiotics and do so at a higher level of purity.  
This in turn would directly result in better drugs being distributed to the consumers at a 
lower cost if the transportation 
costs do not counterbalance the 
advantages of space 
production.  Not only 
businessmen in the drug 
industry were concerned, it 
attracted the attention of many 
scientists and NASA personnel 
due to the likelihood of a medicine breakthrough in the near future.  One of the scientists 
driving the initiative is David Klaus, associate director of BioServe.  BioServe is a 
NASA-sponsored research center, which is mainly concerned with the commercial use of 
Figure 1 : The amount of bacteria produced is increased in 
space (right) as opposed to the amount produce on the 
ground (left). 
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space.  This would explain this company’s focus on further study of antibiotic production 
in space, or more specifically in space stations.  The corporate stand is that there is 
money to be made if such facilities can be set up and taken care of correctly.  It appears 
that BioServe is on to something (BioServe, 1999),  but to prove commercial visibility 
these experiments must proceed at a rapid pace and that requires time in space to move 
these drugs into households more efficiently and at a much lower cost. 
 One of the more important experiments that BioServe conducted was aboard the 
STS 95 mission by Space Shuttle Discovery which lifted off on Oct. 29, 1998 with elder 
John Glenn aboard.  BioServe conducted experiments regarding producing antibiotics 
and protein crystals in space on their mission.  This was the first major experiment on 
such a topic and so it got considerable attention due to the possibility of less costly drugs, 
and increased profitability through the use of the space environment for production.  
However, this experiment was not the main purpose of this trip, so Bioserve’s experiment 
ended up being mostly run by computers and not scientists (Strickler, 2000).  There were 
some problems with the computer systems in the form of computer crashes and software 
problems and many glitches had to be worked out causing additional frustrations.  
Fortunately monitoring continued and substantial information was gathered during the 
course of the flight despite the loss of many samples, because STS -95 carried aboard 
some groundbreaking equipment in the antibiotic producing field.  Director Klaus had 
sent up something called the Gas Exchange Fermentation Apparatus.  This device is used 
to promote cell culture growth by using gas permeable silicone bags.  Included in this 
piece of hardware is aluminum end plates enclosed in an ICM v.2 in order to control the 
temperature (GEFA, 2006). 
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 The results from the STS-95 were what BioServe expected, increased antibiotic 
growth along with more pure protein crystal samples.  But the main goal of the trip was 
to determine why this happens and to see if the effect could be produced elsewhere for 
example on Earth by approximation.  As far as the protein crystals are concerned, it is 
known that Earth phenomena such as sedimentation and buoyancy are what cause less 
pure protein samples to be produced on this planet.  Scientists observed more perfect 
crystals grown in the space shuttle and once they had the picture of what they were 
looking for, they could balance on Earth to produce something similar.  Interestingly, the 
possibility then arose that since in the microgravity environment such perfect crystals 
could occur, we would be able to specialize them to produce drugs that target specific 
diseases much more easily.  Whether or not the production was in space, the lab should 
be in space.  Expanded knowledge of how protein structures are constructed due to these 
experiments can guide improvement to production under Earth’s atmospheric conditions.  
After the experiment was completed, it became obvious to Klaus that more time was 
going to be needed in space to conduct his experiments.  Klaus always made a point of 
emphasizing the difference between some of his work and what NASA is researching to 
justify space factories.  BioServe is producing equipment for space but it is to benefit 
production of medicines here on Earth (Strickler, 2000). 
 The majority of the BioServe experiments have been conducted in manned space 
shuttles, due to the fact that this was the most convenient way to produce on shuttle 
missions in the 1990’s.  Klaus however has stated that, "In some instances, the flight 
samples had not yet even reached peak production by the end of the shuttle missions, 
which last about two weeks," (Antibiotic Experiment, 2001).  Wishing there was more 
time in this experiment, Klaus decided to move his research to the space station as soon 
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as possible.  This was the only way he felt that he was going to be able to have enough 
time to complete the desired experiments since the microbes needed more time to 
germinate.  "By gaining a better understanding of what is causing the stimulated 
production of antibiotics in space, scientists hope to design techniques that mimic the 
increase in productivity in labs on Earth," Klaus said. Even a small increase in Earth-
based antibiotic production could produce substantial financial gain, he stated (Antibiotic 
Experiment, 2001).   The direct link is clear, that the research was going to have to be 
done in space stations in order to acquire the proper results in order to benefit production 
and profit on Earth.  Again, not only is the study of medicine important, but the financial 
potential is very great in this field, which is why this research was supported and 
accommodated by NASA. 
 After realizing that the best way to complete growth experiments was on the 
International Space Station, BioServe teamed up with Bristol-Meyers Squibb to conduct a 
space experiment labeled STS-100.  The aim of this experiment was to study plant 
growth in space, develop equipment for protein synthesis, and to study again why 
antibiotic production in space is so greatly enhanced.  Bristol-Myers Squibb, which is a 
pharmaceutical company based in New York, headed the experiments dealing with 
antibiotic production.  BioServe came in to play when they offered the resources to 
launch such a project up into space.  They provided equipment to remotely monitor most 
aspects of space antibiotic production from Earth.  This ongoing project has made it very 
convenient for both companies to record data without actually having to send researchers 
up to run things on board the space station.  Not only are these two companies involved 
in such a large scale experiment, “The centers have agreements with almost 200 firms, 
including Bristol-Myers Squibb, ALCOA, Amgen, DuPont, Eli Lily and Company, Space 
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Explorers Inc., Monsanto Company and Polaroid. (Commercial Experiments, 2001)”.  
This experiment launched in 2001, has been collecting a steady stream of data about the 
increased production of antibiotics in space.  Factors such as the way that intracellular 
fluids interact between the cells seem to play a large role in the way that the microbes are 
produced have become a focus of study.  This allows for larger numbers of them to be 
produced. 
 BioServe has developed new experiments in the space medicine field, not just 
relating to space antibiotics.  After discovering ways that cells act in micro gravity, 
BioServe aimed in designing experiments that dealt more with human cells and their 
interaction with each other in space.  More specifically, liver cells do not grow very well 
on Earth, and in space they act very more like working cells in the human body.  This is 
very similar to the way the antibiotics flourish in space, the fluids act more naturally 
between one another without the effects of gravity.   
In addition to studying the effects of antibiotics, BioServe is studying how 
diseases such as salmonella and other microbes grow in space.  The affect of space on 
yeast is also a critical question.  Stodieck, chief scientist on the project for BioServe is 
heading this experiment which launched in October of 2002.  Stodieck says, “Ultimately 
we want to create 3-D models of tissues for testing new drugs that may be able to block 
infections," he said. "Studying how salmonella and yeast respond to microgravity will 
further our knowledge of molecular responses in space (University of Colorado, 2002)."  
The ability to manipulate cells in space is increased so much, that companies are being 
able to observe how cells interact with each other, and therefore are able to produce 
equipment here on Earth based on the results obtained from space.  Most of the 
experiments are still being monitored in a refrigeration type environment. 
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 While most of the research being done in space as of today is still far from 
commercialization, it is very clear that the market for antibiotics has enough potential to 
justify conducting research in space.  The funding and the desire persist because of the 
potential impact on the commercial market.  None of the pharmaceutical companies want 
to be left out in pursuing something bigger.  Even slight increases in production change 
profit margins, and all the knowledge gained by these studies in space is accumulating 
and still showing promise. 
 Director Klaus of BioServe has stated the case for a laboratory space stations, that 
there is not nearly enough time to conduct experiments on antibiotic production in space 
shuttle missions.  In facilities such as the ISS, there is an almost unlimited research time 
period.  There already has been quality information collected about how cells interact 
with each other in space that has had current implications for equipment and procedure 
development by companies used on the ground.  In fact, so far most of these experiments 
are being conducted in space, much of the information gathered obtained is being used to 
produce equipment and procedures on Earth.  However, people are now talking about 
production in space, the question is whether that requires a space station.  Just the 
knowledge and ability to monitor how the cells are interacting with one another is 
determined much more simply in micro gravity.  In my opinion the best way to continue 
farther in this research field would be to continue the investigation of the experiments in 
space stations with a goal of creating an orbiting factory facility that is optimized for 
microbes. 
 A lot of scrutiny has been placed on the ISS and whether it is in the correct orbit 
to be useful in other applications.  However, when it comes to data collection of 
information about production of medicine, specifically antibiotics, it does not matter 
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where in space it is.  Having state of the art facilities on Earth help scientists monitor 
cultures in space for many months even years without even having to be shuttled back 
and forth from the ISS.  People would visit only occasionally to oversee the harvesting.  
The station should be continued to be used for the continuation of antibiotic research 
projects.  The purposely built sections for containing microbes and other living organisms 
make it very suitable.  The results are coming in very fast and it is evident that in the near 
future this research can significantly impact the pharmaceutical world with reduced drug 
costs, medicine that more effectively targets diseases, and increased profits.  Space 
laboratories are the most practical and effective way for long-term production and study 
of the antibiotics but in the end their activity should be moving off of the space station to 
a nearby production platform that is man tended rather than manned.  It makes no 
difference whether the current space station is used for such research or a new, possible 
smaller and cheaper one is constructed specifically for the purpose of antibiotic research.  
Most importantly, the antibiotic research is worth being conducted in space, because 
simulating micro gravitational conditions on Earth do not produce the same dramatic and 
revealing results.  At least the lab work needs to be in space and I think we are headed 
toward actual production in space. 
Human Study 
 
 One of the most important factors in NASA’s space research, and that of other 
countries is the impact of the space environment on people sent to explore outer space.  
Trips to places such as the moon may take only days but beyond that there is the mission 
itself and the return.  This makes it very hard for researchers to safely send up human 
astronauts into space without prior research being done on the harmful effects of space 
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over time.  Due to the lack of gravity, the muscular system is going to go through a 
drastic change because there are not many forces on the muscle that would be found on 
Earth.  In order to make sure that the astronauts traveling to places such as Mars are 
healthy enough to perform their mission after four months in space, extensive testing 
must be done.  Not only can muscular degeneration occur, scientists are going to have to 
take into effect how diseases act in space, whether or not the astronauts will be hyper-
sensitive to bacteria or viruses, that may originate on Earth or during travel while they are 
in confined conditions.  Drugs affect the body differently throughout the course of long 
term space travel so that if a complication does arise, a plan must be in place to deal with 
diseases rid them from the body.  There have been reports of bone degeneration, similar 
to osteoporosis when gravity is sharply reduced and exerts less pressure on the human 
skeletal structure.  This weakness of bones and muscles is exacerbated by the travelers 
having much less exercise because of both confined quarters and other involving little 
movement activities that must be completed in the course of a long space trip.  
Observation and navigation are going to be common, jogging and other exercises may not 
be possible. 
Body 
 
 As for as the human structure is concerned, the body is designed to be under the 
constant force of Earth’s gravity and will react to different conditions, such as micro 
gravity in space.  Not having that constant force throughout the body affects the muscular 
system.  Muscles will tend to degrade if not used constantly and in long term trips to 
Mars, scientists are going to have to develop special ways to keep all of the muscles in 
use, so when the astronauts are exposed to gravity again, their bodies will be in good 
 33 
enough shape to function normally.  Not only is the muscular affected by the lack of 
gravity, but microgravity can affect the skeletal system, cause possible severe motion 
sickness, and disrupt the hematologic and immunologic systems.  Then there are the 
effects of space radiation and psychological effects. 
 Lack of gravity effects the way that fluids move through the body.  Therefore the 
cardiovascular system, which is composed mostly of water, is going to be effected.  The 
body has mechanisms in which it resists certain forces in order to have the correct 
amount of blood flowing to the brain.  Without gravity, these counter forces would still 
be within the body and become dominant, causing improper distribution of blood 
throughout the body.  This causes more blood to be pushed into the upper half of the 
body because the body is so used to resisting gravity when we are standing up and sitting 
down for most of the day.  This is called “fluid shift”. 
Dr. Chiaki Mukai, a JAXA astronaut, noticed and described the effects of fluid 
shift on her body during space travel and space walking.  Some of the effects that she 
noticed was, “Subjective symptoms caused by fluid shift are stuffy nose, headache, and 
puffy face (Space Medicine, 2004).”  This is due to the extra blood setting in the head is 
not circulating normally, settling down in the body.  Some of the upper veins also are also 
subject to dilating due to the extra pressure.  This could cause a loss of fluids to other 
parts of the body that require them.  After traveling in space the fluids then rapidly return 
to the normal areas within the body one is exposed to earth’s gravity.  One method of 
compensating for microgravity that is being developed is called Lower Body Negative 
Pressure (LBNP).  This creates suction to the lower body that would cause the blood to 
stay where it belongs, somewhat of a substitute for gravity.  This is a device that could be 
worn over the body for certain periods of time.  Certain substances can be drunk such as 
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isotonic saline before returning back to Earth in order to help cope with the change of 
gravity.  However, more research is going to have to be done in order to assure that a trip 
to Mars would not create unacceptable hardships on the body when landing and returning 
to gravity while needing space equipment to operate.  The only way to get the correct 
information regarding the effect of long term space travel is to actually test it in space for 
said amounts of time.  This would suggest a vessel that would need to stay up for months 
and be able to be monitored frequently.  The ISS and other space stations/platforms seem 
to be the obvious choice for such human biomedical and gravitational missions. 
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The body’s muscles constantly are battling the forces of gravity on Earth, even 
when we are sitting down and not moving.  From Newton’s laws we know that every 
force requires an equal and opposite one, so the muscles counteract the downward force 
of gravity by pressing upwards.  Once in space, astronauts will experience the lack of 
gravity that over time, and it will affect the muscles.  For instance, back and leg muscles 
are most commonly used to combat gravity, and these are the first muscles to atrophy 
under micro gravity.  The muscles that are constantly 
being used on Earth are no longer being used.  
Because astronauts find themselves in such small, 
confined areas, the need to move around is greatly 
reduced, and over time this could cause the larger 
muscles of the human body to massively degrade 
from the lack of use even faster than bed rest affects 
them.  It has been discovered that even after only 11 
days in space, muscles have decreased in mass by up 
to 30% (NASA Explores, 2004).  This is an alarming number if we are talking about 
sending astronauts on missions to Mars on a six month one way trip of a mission that will 
take years to complete.  Upon returning to Earth after only these 11 days, complications 
may occur such as muscle tearing and soreness.  It can take almost 30 days for the 
muscles to return back to how they were before an 11 day voyage into space.  Currently, 
research is being done by NASA's Office of Biological and Physical Research (OBPR) 
on ways of maintaining muscle mass in astronauts who experience long periods of time in 
micro gravity.  Right now, astronauts that spend any lengthy amount of time (months) in 
the ISS conduct strength conditioning exercises and keep daily logs of their progress.  A 
Figure 2: Exercising in space. 
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cycle ergometer is the current exercise equipment of choice, and is used both on the legs 
and arms to maintain muscle mass.  Also, variations of the treadmill are being used.  To 
use the treadmill in micro gravity, the astronauts must use a harness to hold them down.  
This also serves a means of simulating nearly body gravity weight.  Somewhere in 
between two thirds and full body weight of the astronaut in leg resistance can be 
simulated, which would assist in keeping the muscles strong.  Lastly, modified weight 
machines are used to keep the muscles active.  Even admits that “much remains to be 
learned” before astronauts can journey through the solar system to explore other planets 
(NASA Explores, 2004). 
The skeletal system will be affected in space by change in the chemical nature of 
bone.  The large deposits of calcium and phosphorous inside the bones act differently 
when there is no gravity.  Once the gravity is removed, phosphorous and calcium is 
removed from bones with the excretion of urine and feces.  This could be a problem since 
these materials are critical parts of the bone structure.  “It is reported that 3.2% of average 
bone loss occurred after nearly 10 days of weightlessness (Space Medicine, 2004).”  Not 
only can bone degradation occur but urinary stones may be produced due to the higher 
level of calcium passing through the urinary tract.  This would provide slight 
complications throughout the course of a long space trip.  It is not a forgone conclusion 
that astronauts are going to be able to handle long-term space transits.  Alternatives that 
are being researched on Earth right now are exercise plans that would help contain the 
minerals within the bones.  Also supplements and medicines are being developed to help 
combat the negative effects of space.  Further research is going to have to be done before 
we are able to send off astronauts to places such as Mars, when we can create artificial 
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gravity to mitigate these effects.  Even so, there is the question of how much is enough, to 
counteract the worst problem, is 1/3rd Earth gravity enough, or 1/6th like on the moon? 
Spending long periods of time in space is also known to affect the human immune 
system.  This happens because the body’s hematologic system is actually altered by the 
lack of gravity.  Normally red blood cells are donut in shape, however without Earth’s 
gravitational forces being applied to the body, some red blood cells actually change shape 
and can transform into a spherical shape (Space Medicine, 2004).  This has the potential 
to cause blockages in smaller veins or arteries, as the surface area of the cells has 
changed.  After only four days of spaceflight, anemia has been recorded in astronauts 
because the number of red blood cells circulating decreases.  After three months of being 
in space, red blood cell count has stabilized into a drop of up to 15%, at which there have 
not have been many symptoms.  The question is whether a longer amount of time was 
spent in space more complications and drops will occur?  After returning to Earth, the 
blood cells generally return back to a healthy number, but no testing has been done on 
astronauts that have spent longer than three months in weightlessness.  Even an initial 
“shortness of breath” on Mars could be problematic. 
Long periods of time spent in space also decrease the activity of lymphocytes.  
Lymphocytes are very important in the immune system, they assist in fighting off 
harmful infections and microorganisms that may enter the body.  This can become a 
complicating problem if antibiotics lose their strength over a long amount of time in 
space (which is discussed later in the paper) and the body’s natural immune system is 
compromised.  Astronauts would then be in a position where they could not be able to 
effectively fight off diseases and infections, causing at least discomfort for a long trip in 
space and possibly loss of effectiveness or a crew member becomes a liability due to 
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fever, illness and becomes in need of care.  It is going to be very important to further 
study how the human immune system reactions to long periods of time in space so we 
can be sure that the astronaut would be safe and functional on a trip to Mars.  We’d also 
like to think that upon returning to Earth there would be no long-term or permanent 
health complications. 
 Another factor that wasn’t realized at first was the potential for astronauts to 
suffer from space-motion sickness.  Very similar to when people are traveling on airlines 
and other moving vessels, this can happen in space very easily in space.  “A few minutes 
or a few hours after entering weightlessness, some astronauts experience space motion 
sickness, which is characterized by headaches, malaise, nausea and eventually vomiting 
(Space Medicine, 2004).”  This could cause complications if it doesn’t go away fairly 
rapidly.  The good news is that these symptoms generally disappear after the second day.  
However, long-term testing has not been done and must be done in order to make sure 
that astronauts could possibly handle landing on Mars, and then taking off again without 
getting sick every time they enter and leave gravity and increasingly so they don’t get 
tired or weakened.   
“The basic mechanisms responsible for developing space motion sickness are 
assumed to be the rearrangement of the relationship among signals from the vestibular 
system of the inner ear, visual, skin, joint and muscle receptors by the exposure to 
microgravity (Space Medicine, 2004).”  These fibers sense changes in motion, and the 
lack of gravity could cause them to be somewhat thrown off and cause the senses 
associated with motion-sickness.  Right now, virtual reality simulators are being tested, 
along with drugs such as promethazine hydrochloride, a drug 30 times more powerful 
than common motion-sickness drugs.  Preflight training protocols which are useful in 
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preventing many of the effects are also being explored.  Space agencies agree that more 
research must be conducted to prevent the harsher motion-sickness effects in space, 
especially if a longer term space travel plan is going to be implemented.  This would 
suggest that we need a laboratory that could test longer term weightlessness along with 
the effectiveness of drugs, and safe storage of drugs in space. 
 Radiation in space is a pretty important factor to consider, especially if someone 
plans on taking a long-term trip.  The effects to the body can be so harmful as to change 
cells and cause cancer.  The Earth has the ozone layer to protect us from such harmful 
rays that cause cancer even if we sit under them long enough.  In space there is no such 
protection except what is offered by the vessel itself.  The different types of radiations 
include, galactic radiation from outside the solar system, star-particle radiation from the 
sun, and geomagnetically trapped radiation around the Earth’s equator.  All of these can 
be very harmful to astronauts and the hard part is predicting what amounts of each 
radiation astronauts can be expected to be bombarded with.  This is why testing must be 
done in space to see the various levels of radiation.  Solar activity and other interstellar 
events can cause sudden and extreme surges in radiation levels.  We are going to have to 
be ready for this in order to insure the long-term health of astronauts traveling to Mars.  I 
feel the best way to conduct such research is going to have to be a laboratory in space or 
something of the sort so that we can gather long-term data of radiation levels and how to 
shield against them.  After acquiring these data, the correct materials can be used to 
construct the transport vessels, space suits and everything else that will have to protect 
the astronauts from such harmful energy rays, be they long term and continuous or a 
sudden brief assault. 
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 Not only are physical aspects of the body affected in long-term space travel, the 
mental health of people can be changed in space.  Such close quarter confinement over 
prolonged amounts of time can probably change anyone’s mental health.  Many months 
of a drastically changed schedule will change people’s attitudes, especially under 
confined quarters.  Along with living with a different group of people than they are used 
to, they have to get along with the other crew members or passengers.  Given the 
likelihood of irritability and disorientation due to fluid and muscle changes, 
psychological balance can’t be taken for granted. 
 Before we are able to send astronauts out into space for prolonged periods of time 
(for example to travel to Mars) we are going to have to be able to be assured that the 
persons health will not be in jeopardy for such along trip.  The only way of being sure 
that the astronauts will be safe is to perform more medical and biological testing in space 
on such topics as the immune system, skeletal system, muscular system, along with other 
human systems.  Hence, this research is going to have to be done in space, because not 
only is it the micro gravity that can affect some of these biological system, but space 
radiation has been discovered to affect human astronauts and must be monitored closely.  
It seems that the only way to conduct this research properly while keeping the astronauts 
close enough to be rescued and assisted is the use of low earth orbit (LEO) space 
laboratories.  Whether it is one large one or a series of cheaper, smaller and more diverse 
habitats is not important, it is just very important that this research continues at a rapid 
pace and is be completed for the safety of the astronauts that will be traveling on long-
term trips.  Ten to twenty years from now. 
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Medicine 
 
There have been studies on both the ISS and other spacecraft regarding how long 
drugs would retain their potency if there was little or no gravity.  Tests on drugs such as 
antibiotics and motion sickness drugs have shown that length of time that these drugs can 
be used in space is decreased compared to shelf life on Earth.  This could cause problems 
for long-term space travel.  If a disease breaks out throughout the space ship especially 
under such close quarters and effective drugs aren’t available to fight them off, then there 
would be serious complications, endangering both the astronauts and the mission.  
Lakshmi Putcha of the NASA Johnson Space Center in Houston, Texas has been heading 
up the research effort in this area.  He states that the research has been going on for many 
years, however it was not until recently that they had the necessary equipment to conduct 
the research properly.  Along with NASA, Wyle Laboratories Life Sciences Systems and 
Services group have looked into the matter and is currently assisting research regarding 
the shelf life of medicine being stored in space, in different ways. 
 Studies that have been conducted in space by NASA and Wyle Laboratories 
consisted of ten space shuttle missions and five international space station missions.  All 
of these experiments were basically of the same format; they included tests of samples of 
tablets, creams, ointments, patches, and suppositories exposed to space hazards for 
various periods of time.  The actual medicines consisted of antibiotics and motion 
sickness drugs.  Other the course of each experiment the stability, shelf life, physical 
appearance, chemical content and dissolution rate were checked (Leonard, 2002).  This 
way the experiment will prove how long-term storage would affect the ability of the 
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drugs to do their job, most likely fighting off infections that astronauts may face due to 
what they brought with them in their bodies or come across during travel.   
The experiments followed a strict set of standards by a non-government 
organization called the United States Pharmacopeia (USP).  This professional body lays 
down guidelines in which NASA and Wyle Laboratories can test the quality of the 
medicine after being exposed to said conditions.  USP guidelines apply to medicine in 
general, so after a certain amount of time in space, the company would be able to 
determine if the medicine would be effective in alleviating whatever ailment they were 
designed to cure. “The team found, of the drugs tested, "significant degradation" of 
chemical content in Augmentin (a treatment for respiratory infections) and Bactrim (an 
antibacterial combination drug).”  This is interesting as Augmentin used as an antibiotic 
is a very common drug used to treat infections and would be useful on long trips in space.  
However, if this drug is not going to last for the duration of a round trip, alternates, or 
alternate ways of storage may have to be researched.  Not only have the drugs been 
discovered to degrade, but their chemical composition have been shown to change.  This 
would be important in the absorption of drugs into the body.  The medicine may then not 
be able to correctly affect the astronauts if the expected dosage is not entering the 
bloodstream or other target areas. 
 NASA and Wyle Laboratories then set out to discover why the medicines behave 
in such ways in space.  It was hypothesized that radiation can effect the chemical 
concentration and other properties of the drugs.  Therefore, it may not be the lack of 
gravity that changes the medicines, but the radiation.  Developing a container then that 
would block the radiation would appear to solve the problem.  “These are very important 
pieces of information," Putcha said. “We're going to look further into this to make 
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recommendations for the long duration flights. It's a high-priority task at NASA as of 
now," she said. (Leonard, 2002)” 
Plant Research 
 
 Plants on Earth grow against gravity, and have certain mechanisms which help 
them survive against the constant downward force.  If we take this force away, would 
plants be able to grow properly?  This question is actually very important because 
animals (like humans) are symbiotic with plants 
and really can’t go many places without them or 
their stored products.  In short, we can’t colonize 
space without taking them along.  Plants can be 
used as a renewable food source, which could be 
very useful because in long trips in space or 
storage will be very limited in order to save 
weight and consume less fuel.  Thus, the amount 
of prepackaged food that astronauts can bring is 
limited.  This makes it important to test plant growth in space, to determine if their 
natural mechanisms to resist gravity will become a problem without gravity to push down 
upon the plants.  Also, scientists have expressed the interest in revealing how plants react 
in space, due to the possibility of creating greenhouses on spacecrafts and other celestial 
bodies, such as the Moon or Mars where there is less gravity than on Earth.  This would 
be very important in the future if we want to settle on these bodies and create colonies, or 
long-term living environments. 
Figure 3: Scientists are testing different plant 
varieties and growing techniques for use in 
space. 
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 Astronauts are not going to be able to fit as much food as they would like on a 
long term mission to Mars for example.  The cargo space reserved for food and other 
supplies is going to be very limited.  Plants are our source of textiles, medicines, ropes, 
fuels, lubricants, and they process the air we breathe.  Engineers must keep the vessels as 
small as possible in order to save energy during takeoff and landing.  If a mission to Mars 
is going to take years, alternate sources of food may have to be produced along the way.  
There certainly is enough time in the mission to grow a crop from seeds to replace food 
stores used in the first three months if some space can be set aside to grow them.  The 
problem is that under weightless conditions, the way plants grow is heavily affected if we 
can figure out how to do it.  Plants have mechanisms to combat the natural forces of 
gravity, and without gravity these forces bring about changes in the plant that are 
typically fatal. 
 Mare recently, experiments have been conducted onboard the ISS to determine 
how exactly plants would react to the weightless conditions.  It was unclear what 
directions the plants would grow in because there was no gravity for the plants to gauge 
which direction was upward.  Experiments in space have shown that plants grown in 
every direction (BioServe, 1999).  However, the plants did tend to grow towards the light 
after a certain amount of time.  This shows the plants ability to adapt to conditions that 
aren’t normal on Earth.  It is a promising result, because if the plants can adapt to the lack 
of gravity, then in theory astronauts will be able to grow plants on long-term space 
missions.  More research needs to be done however, to determine if food bearing plants 
can sustain them over the period of time that is necessary to develop.  Longer 
experiments must be conducted.   
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Another use of plants in such confined quarters is gas conversion.  Since oxygen 
is not as readily available in space shuttles, or other vessels that transport astronauts, it 
must be produced somehow or carried along.  If it is carried along, we run into the same 
problem of there being a limited amount of space to use for necessities.  Since plants turn 
carbon dioxide into oxygen, it has been suggested that plants are used in the space vessels 
to create some oxygen for the astronauts, in order to cut down on the amount of oxygen 
they are required to bring.  One doesn’t want to be in a situation where the people die as 
soon as the plants die, but in their case nearly any plant that is robust will do.   
Much more testing must be done to determine if the amount of space needed to 
grow plants is too large to be justified on a one to two year mission or not.  It may be 
discovered that more space will be saved by bringing the oxygen in gaseous form than 
using the large amount of plants that would be required to reprocess the same amount of 
oxygen.  Also, scientists may find that plants produce gases at a different rate without 
gravity than on Earth.  That is why it is important to conduct the research in space, 
preferably in a space laboratory. 
 The non organic makeup of Moon Regolith is similar to that of Earth since the 
origin of the Moon was to have been blasted out of the Earth when something the size of 
Mars hit the Earth.  However, life-organics have since altered the Earth, making its soil 
very different today.  The soil on both the Moon and Mars vary in different ways from 
the Earth’s which is what the plant requires to grow.  This isn’t a problem when 
astronauts are trying to grow plants in a space laboratory because they can simply being 
up samples of soil and add nutrients to hydroponic cultures but this is not the case when 
on the Moon or Mars.  The soil is very different than ours and has different minerals and 
nutrients that the plants would not be able to grow in.  This is why scientists have 
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developed a method called hydroponics (Commercial Experiments, 2001).  This is a 
method in which water is injected right into the plants roots and the water can be recycled 
and used again later.  This allows the plants to effectively be placed in a water bag and 
then placed “into” foreign soil.  
Astronauts may then effectively be able to create greenhouses on Mars or the 
Moon, which would be very beneficial to sustaining people who wish to stay for 
extended periods of time.  However, more time is going to have to be spent on 
determining how plants will react to the different minerals on the foreign planet and the 
Moon, and whether or not they will be able to grow there.  We can simulate the 
conditions in space laboratories since we know the chemical and physical make up of soil 
both on the Moon and Mars. 
 In order to properly research plant’s behavior in space, a sizable agricultural 
laboratory is going to have to be designed.  Also, because some of these experiments can 
take a very long time to complete, the possibility of unmanned space platforms is a 
reality.  If sensors and monitors are set up on Earth and in the space laboratory, astronauts 
would only be required to simply “check up” on the experiments and not constantly be 
there to monitor them.  This would massively reduce the cost and be very convenient for 
the company conducting the research.  It is not important to create an all-purpose 
laboratory, it actually is more important to specialize them to do the tasks that are 
required, in this case plant research.  This research has very much potential and 
importance in long-term space travel and can be the difference between exhausting our 
resouces of food or not when traveling to Mars. 
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Products We Use 
 
 Often many times general public sees what is on the news regarding space travel.  
It depicts the hardships of space travel and people wonder why we spend so much money 
on space research and travel.  The reality of the matter is that many products that have 
come from space research we use everyday, or benefit people indirectly.  Medical 
devices, computer technology, recreational equipment, and health and medicinal 
equipment are just a few of the examples of products that have been developed as a direct 
result of space research and travel.  With all of the products that have been developed 
already, the possibilities of future developments have great potential.  This is assuming 
that space travel and research is continued.  Many of the products that have been 
developed were a direct result of research put into developing the ISS, and research that 
has been conduced onboard.  Space laboratories become very important in providing us 
with up to date technology and products that we can use every day. 
 Every day most of us boot up a computer, whether it is at work home or at school, 
computers are very important parts of our lives.  They can help manage a whole 
company, help with research, word processing for schoolwork, along with performing 
complex calculations that would take a human much longer to finish.  What many people 
might not realize is that much of the new materials that are being used in today’s 
computers stem from research that was conducted for space travel.  Semiconductor 
packages have been developed for space use, and found there way into Earth 
applications.  They are now being used in medical imaging devices, along in certain other 
computer systems.  Along with materials, software has been developed from NASA for 
use in the ISS that can be used for other applications.  Internet transfer software 
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developed at Kennedy Space Center is used today by many people who otherwise would 
not be able to access the internet.  Lastly, virtual reality has been developed and 
researched further to train astronauts in certain in which the environment could not be 
simulated. 
 Something that many people may not realize is that many products that we take 
for granted where developed specifically for astronauts spending a long amount of time 
in space, specifically a space station.  Water purification systems that we use everyday to 
keep us healthy are a product of NASA’s water treatment system which uses iodine 
instead of chlorine to kill bacteria.  Along the same lines of this product, pool purification 
systems have been developed using similar technology, first used to sterilize water for 
long-distance trips in space.  For recreational purposes we can take an example of golf 
ball aerodynamics and relate it to current space research.  The way the golf ball is 
designed with its hundreds of dimples, is inspired by the design of certain spacecraft, 
which share the same goal of trying to be as aerodynamic as possible.  The problem of 
muscular degeneration is a pressing issue for long-term space travel, and NASA has been 
working on exercise equipment to keep astronauts healthy during a long stay in space.  
Some of this technology has been applied to exercise equipment on Earth, it has resulted 
in improved treadmills along with the ergometer. 
 There have been many advances in the field of medicine that have been the result 
of research by NASA for space missions.  Advancements in breast cancer detection 
methods have been derived from solar cell research designed for spacecraft.  These solar 
cells can be placed beneath the x-ray film, and this helps determine when the x-ray film 
has received enough radiation, which increases the efficiency of the testing equipment.  
NASA’s development of laser technology has resulted in the production of laser 
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angioplasty.  This laser is designed to clean 
clogged arteries and does so by a cool laser which 
does not damage the arteries or blood vessels.  It 
also results in fewer problems than other 
techniques such as balloon angioplasty, a more 
evasive technique.  When astronauts travel 
outside of there vessel, it is very important to 
monitor the gasses that are within the suit.  Also, 
gasses must be analyzed within space vessels, to 
make sure the astronauts have a healthy mixture of gasses to breathe in.  This technology 
is currently being used in hospitals to make sure that there are proper mixtures of gasses 
(oxygen, carbon dioxide, and nitrogen) in order to provide proper breathing environments 
for surgery patients. 
 It is very apparent that NASA has been a catalyst in providing research and 
methods for creating many products that are used on Earth every day.  Without this 
research, medical practices may become harder and more evasive, computers may not be 
as advanced as they are today, and we may not enjoy much of the recreational equipment 
that we take for granted.  Since today space travel has shifted to long-term space travel, 
with NASA’s intent to travel to Mars, space laboratories become an important factor.  In 
continuing the current trend of products being spin-offs of NASA’s research we should 
see new products being constantly developed with research being done on Earth and the 
surge of new experiments being done in space on the ISS for example.  All of these 
products are proof that space research has its benefits and must be continued.  The 
question of whether or not this has to be done on a space station still remains.  I feel that 
Figure 4: A treadmill, an example of a 
product derived from space research. 
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we have developed almost all of the products that can be derived from space research on 
Earth.  Because many experiments must be conducted in space for a trip to Mars to 
continue, we will see new products based on this research.  New discoveries will be 
observed in conditions other than Earth, so I feel that this research will benefit greatly if 
it is conducted in some sort of space laboratory. 
So what would a space laboratory actually look like?  Well it depends on the 
scenario, and what is being tested or researched.  There does not have to be an all-
purpose orbiting research lab which is what essentially the ISS is.  This is why it has been 
somewhat rejected and classified as a failure, because too much money was spent on 
something that has not produced the desired results.  For these space laboratories, 
smaller, more specialized stations should be used in comparison to the large structure 
being used today.  If smaller, more cost effective structures are used, then in certain 
scenarios, namely antibiotic production would be more likely to pay for them and make 
profit.  The other reason that am orbiting space laboratory is absolutely necessary is to 
conduct research to ensure the survival of the astronauts.  Certain body systems have 
been shown to be affected when exposed to micro gravity and space radiation for long 
periods of time.  Without question more research must be conducted in space if NASA or 
other space agencies want to send astronauts into space for prolonged periods of time.  As 
for the space laboratory scenario, I feel it is important for a space station to be used. 
With the possibility of production of medicine and large scale research projects, 
there is going to be a need for the storage and shipment of products in space.   More 
efficient means of transportation are going to have to be developed in order to reap the 
benefits of production in space.  If the production of antibiotics in space is more efficient, 
but if it takes much more money to ship the materials back and forth between the Earth 
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and orbiting space stations, it would not be worth it.  This is why transportation is a very 
important issue and should be researched before we go rush out and make plans to create 
these massive facilities to produce materials such as antibiotics.  
Space transport has both applications in moving people and objects.   The main 
issue is going to be whether or not the methods of transporting the objects or people are 
cost effective.  If we can do the same thing using conventional methods of space travel 
there is no point in transporting material because we use 95% of the fuel just in the take 
off phase.  This does not leave us enough fuel to transport materials to be efficient.  
Space transport is going to be an important topic in space research very soon and is quite 
necessary.  
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LITERATURE REVIEW (continued) 
 
Zubrin 
 
 In addition to Robert Zimmerman’s Leaving Earth, Robert Zubrin’s book, 
Entering Space, also helped us think about the space environment and related well to the 
issues raised by space stations. The book, written by Robert Zubrin, is titled Entering 
Space. In it, Zubrin explains what he feels is the best route to take in the U.S. space 
program’s next steps in space and he advocates early efforts focusing on Mars. He 
explains how our natural resources here on Earth are running low and how we will need 
to expand and become a space-faring civilization in order to continue to survive, much 
less grow. It will be shown later in this research paper that Zubrin is most likely correct in 
his assessment of the importance of space, however his ways of solving the problem 
before us seem misguided. He clearly has tendency to downplay the potential of what can 
be found on the Moon in making his case for why it would be easier to colonize Mars. 
 Zubrin describes his idea of three types of civilizations. Type 1 is a civilization 
that has conquered its own world and has mastered living on it. This is the type of 
civilization that we nearly are now, though the depths of the oceans are still mysterious 
and we can not support ourselves in deserts or at the poles yet. Type 2 is a solar 
civilization or one that has become adept at interplanetary travel and has spread to other 
planets in its solar system from its home world. A type 3 civilization has the capability to 
travel about to different star systems and has spread across the galaxy. Zubrin believes 
that we must take the next step and become a type 2 civilization; one that has the ability 
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to mine resources from other planets and suggests that we begin by colonizing Mars, 
essentially skipping the Moon. 
 Zubrin is a brilliant man, however we learn from reading Entering Space that he 
is a “Mars freak.” He is so focused on going to Mars (and to do so as soon as possible) 
that he is overlooking the obvious and easier route into space. He is very critical of the 
aerospace industry (especially Martin-Marietta) for not attempting to adapt and create 
new technologies to make it cheaper to get to Earth orbit. He also criticizes NASA and 
the shuttle/space station programs. He believes the shuttle and current space station are 
rocks in a drowning man’s shoes. Ironically, NASA’s chief administrator, Michael 
Griffin and Zubrin (and also MIT’s Homestead Project) have the same dream and that is 
to get to Mars. NASA has long wanted to go to Mars, at least to visit, but Zubrin is saying 
we can do it now and a short stay is not enough. As a practical matter, NASA is stuck 
with its ISS disaster but Zubrin has plans to go to Mars as soon as possible and if space 
stations hold him back, he says forget them. We can do without them and still assemble a 
multipart spacecraft to go to Mars in orbit. 
 Zubrin knows that space stations in the right places would facilitate in the 
colonization of Mars but he doesn’t want a lengthy delay while building a costly station 
to bog us down and keep us from getting there anytime soon (like during his lifetime). He 
also knows that we are going to have to obtain a new energy source very soon in our 
future. His plan for that is to mine Saturn for Helium-3 for use in fusion reactors. The 
problem is this would be an incredibly difficult task. The reason he doesn’t want to mine 
He-3 from the Moon is not because he does not know it is there, it is that he feels that 
there is too little there to justify processing all that regolith and getting water to the moon 
to support the mining colony would be too difficult. This is where his focus on Mars as 
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the easier place to colonize clouds his mind. He doesn’t realize that having space stations 
and setting up an Earth-Lunar trade system would be very beneficial, and allow the water 
problem of the Moon to be overcome. 
 By taking the extra time and putting up the extra cost of constructing a space 
station trade system between Earth and the Moon, we could get water to the Moon and 
He-3 back to Earth much easier than if we did not have space stations or mined it from 
Saturn using Mars as a base. Zubrin claims we do not need space stations and is silent on 
whether we should want them. We contend that having them would facilitate the trade 
between not just the Earth and Moon but also the Earth and Mars. The problem of Mars 
trade is that there seems to be nothing there that Earth would want. The similarities to 
Earth that make colonization easier stand in the way of trade. By establishing a stable 
trade system with the Moon first, it will become much easier colonizing Mars later 
because we will have more experience.  
Zubrin is downplaying the trade issue and the role of space stations in sustaining 
supply lines simply because he wants to get to Mars and he wants to do it now. He sees 
no point in going to the Moon to get to Mars since the same energy cost is needed from 
Earth Orbit as the Moon. So, why bother? What he misses is that the cost of lifting 
resources that Mars needs from Earth to GEO is prohibitive. The Moon, with only 1/6th as 
much gravity, and no atmosphere, is much easier to get off of, and the raw materials to 
build a large freighter and partly fuel it with LOX are there on the Moon. 
The trade route to Mars may run from GEO in Earth orbit to Mars directly but the 
largest freighters will be arriving from assembly sites on the Moon to make the run. 
Assembly in LEO where there are no local resources and is no gravity would be much 
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harder to accomplish and, of course, if it is as easy to go to Mars from the Moon as from 
Earth, some of the Mars colonists supplies will come from there rather than Earth as well. 
 The Earth is running out of oil and when this happens, we are going to need a new 
energy source that not only will help ease the crisis but will become the new main source 
of energy for this world. Although Zubrin is right about the aerospace industry and 
NASA, his idea to mine He-3 from Saturn is too outlandish. We need to establish a 
mining system that we know can be accomplished and the Moon is the easier, surer way 
to go. Once the Moon to Earth trade system is running, then we can turn toward Mars, 
and more distant supplies of key resources. 
Zubrin’s ideas tie in well with the part of this paper that discusses space stations 
in trade systems despite his lack of interest in them. He discusses why humanity needs 
He-3 and we have built on that in describing how we need to set up a trade system with 
the Moon, to begin obtaining it and learning how to make it fuse as it does in the Sun. 
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MOON-TO-EARTH TRADE SYSTEM 
 
Science fiction usually depicts the space station as a large port facility; any Star 
Trek fan could describe to you such stations as the “Deep Space 9,” a facility used in 
large part as a transfer and refueling port, along with many facilities for the crew and 
travelers. We have seen how we would benefit from a small, Korolev-styled station. 
What about a station that Von Braun would recommend – a huge structure designed to 
fulfill the function of a “Deep Space 9”? Is there a cost effective reason to build such a 
station? 
Stagnation in the Space Program 
 
 Robert Zubrin, in his book Entering Space, explains that the human race tends not 
to advance for just the sake of advancement. He makes the argument that the 
advancement of the human race tends to stagnate when there are few challenges to face. 
Indeed, this can be seen with the lack of advancement in the United States space 
program. Why have we not sent people to the moon in such a long time? We could have 
sent people to Mars. Why did we not do so? Part of the reason might be that there is 
much less motivation to master the space environment now that our competition with the 
USSR has ended. During the Cold War, the United States and Soviet Union were bitter 
rivals. However, though there were wars fought in Vietnam, Korea, and Afghanistan, in 
addition to conflict over Cuba, full scale war never broke out directly between the US and 
USSR. In place of a direct struggle, both superpowers demonstrated their strength in 
space. The US proved that they could reach the Moon first, and the USSR, first in nearly 
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everything else, likewise proved that they could keep a series of space stations manned 
for long periods of time. 
 One could reason that since the US does not have such a rival now, other issues 
have taken higher priority. However, that is not necessarily true. While there hasn’t been 
anyone on the Moon recently, there have been many missions of an exploratory nature 
and we have learned much about the planets of our solar system. That being said, the 
argument could be made that the average American might be uninterested in space since 
he or she may not see the importance of, for example, exploring the surface of Mars 
looking for evidence of life. Public interest is important since it is the people that vote for 
those who make the decisions in government (for funding such programs). Why then is 
there still such interest in space?  
In the absence of a clear and compelling goal in space, political and economic 
goals become grafted onto the space program and it seeks the funding necessary to stay 
alive. Funding for space programs is seen as a way to create aerospace jobs. There are 
quite a few big companies that have a large stake in the space programs. Losing funding 
would cause a cut back in these programs, resulting in a loss of jobs. Not only would 
many aerospace engineers lose their jobs, but so would large numbers of support and 
protection workers. Further, there would be less incentive for students to enter into these 
engineering fields that are critical to national defense. Funding such programs helps the 
aerospace companies keep their employees and attracts students to enter this field. 
However, the lack of a focusing challenge still causes stagnation in the industry. The 
large aerospace companies are not motivated to create cheaper technologies for space 
transportation. Ideas for new vehicles tend to not take hold. Zubrin explains that these 
companies actually have an incentive to keep their technologies expensive so that they 
 58 
receive more funding in the short run. He explains “cost plus,” which means that the 
company receives a certain percent of the cost extra as profit. Therefore, a higher cost 
means a greater profit. Thus, the aerospace industry is not innovative or competitive, yet 
no one loses their job. The status quo is not challenged and innovative engineers go 
elsewhere. 
Solving a Problem with a Space Mission 
 
Zubrin feels that we need a challenge with which we need to create new 
technologies in order to solve it. Indeed there are already problems we are facing which 
may have solutions in space. For example, President George W. Bush, in his 2006 State 
of the Union address, talks about our dependency on oil and about the importance of 
finding alternative sources of energy. As we will see, some possible solutions for our 
energy problems make use of new space technologies. As a side note, since the energy 
problems we face are issues important to the average American and to organizations 
focusing on the “energy crisis,” finding a solution in space will likely make space activity 
a lucrative investment or career. 
 The problem that we are looking at then is how we can solve our “energy crisis.” 
In order to solve our dependence on oil, we need to find other sources of energy. There 
are quite a few ideas for alternative sources of energy, ranging from solar to nuclear 
sources. Zubrin discusses nuclear fusion, which is likely to become a viable energy 
source in the near future and which he thinks would actually have been viable now had 
research been adequately funded. What fuel does a fusion reactor use? He discusses two 
types of reactions: those with deuterium and tritium and those with deuterium and 
helium-3 (deuterium and tritium are isotopes, or alternate forms, of hydrogen). According 
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to him, a deuterium-helium-3 reaction is a bit harder to ignite, but can be converted 
directly to electricity and produces virtually no radiation as opposed to the deuterium-
tritium reaction. 
 The problem now is getting these necessary materials. Obtaining deuterium is not 
as much of a problem since it is found here on Earth in the seas, but helium-3 is not found 
here. Fortunately, our moon has been collecting it as it has been continuously bombarded 
by solar winds carrying the helium-3. Thus we are discovering a case for a return to the 
moon, this time to stay. In order to utilize a deuterium-helium-3 reactor, we will need to 
collect the helium-3 on the moon. 
Why the Moon? 
 
 Zubrin discusses a few problems with mining helium-3 from the Moon. One 
problem is that helium-3 is not a widely abundant mineral on the Moon; it makes up only 
4 parts per billion of the regolith. In addition, the Moon lacks viable amounts of minerals 
essential to life, such as carbon and water. Although it has been shown that water likely 
exists on the moon, it would be rare and located almost exclusively at the poles. 
Moreover, these areas are those which are always in darkness (which are the only areas 
where the water is not exposed to the radiation of the sun) and thus these areas would 
probably not be suitable for colonies since the colonies would require the sun for a 
variety of functions. 
 Zubrin supports the idea of instead mining helium-3 from the outer planets, and 
looking at the amount of helium-3 that could be obtained from them, one could argue that 
these may be better sources than the Moon. However, there are other issues to consider. 
Zubrin suggests a vehicle which is powered by a fusion reactor using deuterium and 
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helium-3 to collect the helium-3 from the planet. However, it would only make sense to 
use such a vehicle if there is helium-3 already available (collected). Therefore, our first 
source of helium-3 cannot not be one in which preexisting helium-3 is required to collect 
it. 
 Also, even though only a small portion of the regolith is made of helium-3, the 
other parts can also be useful. A majority of the regolith consists of metal oxides, such as 
40.46 percent silicon oxide and 19.22 percent iron oxide, in addition to magnesium, 
titanium, and sodium (Zubrin, Table 5.1). Metals like chromium, titanium and platinum 
are certainly not junk; while they may not form a large part of trade with Earth, they 
could be worth moving. Iron and silicon are less valuable but they could be used as 
building materials for Moon colonies, which would cut down drastically on the amount of 
building material that would have to be imported from Earth. The oxygen will be 
absolutely necessary and will be another great asset to the proposed Moon mining 
colonies. 
Infrastructure 
 
 We now must look at the infrastructure necessary to mine the helium-3 from the 
Moon and transport it to the Earth. There are many parts in such infrastructure. One 
obvious question is how we are going to transport the helium-3 to the Earth. We will 
need a colony there to do it, and as people need to be there to mine the helium-3, certain 
supplies will be needed in order to live there. They will both want and need to live in a 
relatively self-sufficient colony, especially to limit the amount of materials transport 
necessary. Therefore, they will need to be able to produce and maintain the resources 
necessary for human life – things like animals and plants for food, and basic materials 
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such as water and oxygen as a supply for all the living things in the colony. Some of 
these, such as oxygen, can be mined from the moon.  
However, there will have to be some things sent from the Earth. Carbon Dioxide 
and water, for example, although they contain oxygen, also contain carbon and hydrogen 
which are not found on the moon, or at least so rare that it will be more convenient to 
send them from Earth. A trade system will then naturally be established between Earth 
and the Moon.  Helium-3 will be transported from the Moon to Earth, while materials 
necessary for the colony will be transported from Earth. The prime import will probably 
be hydrogen, but may possibly be water in the form of ice. 
Why Use a Space Station? 
 
 We are now ready to make a case for the use of space stations. We have set up the 
scenario of trade between the Earth and the Moon; now we must show how using one or 
more space stations will provide the most effective way of supporting this trade system. 
The space station is most certainly not necessary if one is just considering the possibility 
of transporting materials without regard to efficiency and cost. One can probably imagine 
a scenario where materials such as water and carbon dioxide are transported to the Moon 
by use of conventional rockets, and helium-3 is likewise transported to the Earth in the 
same manner. However, while there is nothing wrong with this technically, it is probably 
not going to be cost effective. 
 Efficient and cost effective transportation means that the space station will have to 
be built specifically for this one mission. We have seen in the past that building an all 
purpose space station ends in a product that is neither efficient nor cost effective. The 
International Space Station is an example of a space station that serves little if any 
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purpose. It was designed to be a generally capable lab without being optimized for a 
given mission. Hence, no one can afford to use it. The ISS is an instrument of politics, 
and it was designed with many political issues in mind. For example, the orbit of the ISS 
makes it undesirable as a launching point – a space port. Why is it in this orbit then? The 
reason is solely political; its orbit makes possible access to the station by Russian 
vehicles; this would otherwise be impossible since if it were in the desirable orbit then 
the Russians would have to fly over Chinese territory, which was forbidden. Politics were 
being played here within the US as well. Reagan and the Republicans wanted the station 
to be designed as an all purpose facility in the hopes that they would receive funding 
from companies that would then utilize the station as an orbiting materials and 
pharmaceutical laboratory.   
 In order to avoid creating such a bloated and costly station, we will need to design 
those that are used for one specific mission. Let us, for now, concentrate on a one-to-one 
trade system – hydrogen to the Moon and helium-3 to the Earth. Hydrogen can be sent to 
the moon instead of water, assuming it can then be processed with the oxygen mined 
from the moon rock to form the water. This station will certainly not look like the ISS. 
What, then, might it look like, and how might it function? 
 The key to a successfully efficient space station is that it can make possible means 
of transportation that are not possible or feasible without it and also it can make more 
efficient the current modes of transportation (such as the shuttle). The main reason of this 
is that if there is a space station at both the departure point and the destination, then the 
journey can be split into three separate parts: takeoff, space travel, and landing. The 
question now is how our station used to transfer hydrogen and helium-3 will make 
possible specialized vehicles and in general make a more efficient transportation process.  
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 Take for example a station which functions as a transfer point for gasses 
(something which could look similar to an oil refinery with lots of tanks and pipes). Such 
a station makes possible certain vehicles that are more efficient as they can be specialized 
to function in only one part of the mission. For instance, a transport vehicle could be used 
that only needs to travel between two space stations. How could this transport vehicle be 
different from those that do not have access to a space station? The answer to this is that 
the vehicle can be designed without considering the necessities of a vehicle that needs to 
function in all environments of the trip. 
 For example, our space only vehicle does not need to be aerodynamic. It can be a 
cube. A cubic vehicle requiring taking off from Earth would be ridiculous as it would be 
an aerodynamic disaster, but a space only cube would not have to travel in any planet’s 
atmosphere. Our space only vehicle would also not need the types of heat shielding that 
are needed for a vehicle traveling through a planet’s atmosphere. Our selection of drives 
for this vehicle would also be expanded. The ion drive, for example, is a drive which 
could not be used for a vehicle requiring the thrust necessary to take off from Earth (the 
thrust it provides is approximately that of a sheet of paper resting on your hand) but in 
space the force of the drive would not be counteracted on by the gravity of Earth or 
another planet. Our vehicle would not need to take off from any planet and therefore the 
thrust from the ion drive would be adequate to propel the vehicle. Although slow, the 
energy and fuel saved could make this form of transportation desirable [4]. Even if it took 
a year to travel between Earth and the Moon, if there were a large enough number of 
tankers so that one arrived at the station approximately each week there would be a 
continuous supply of materials going each way.   
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Building the “Tanker” and Station Efficiently 
 
 An important matter to discuss is that of building this vehicle. One could say that 
since it is to be a space only vehicle it should also be built in space. This is easy to say if 
you do not consider the difficulties of building in space; alas, we must. The main enemy 
of space building is the near zero gravity. To put it simply, things don’t work the way we 
are used to in a microgravity environment. For example, on Earth, we can rely on gravity 
to keep things in place. We put tools on tables, building materials on tables or on the 
floor, and we can confidently assume that they will stay put. We expect that when we 
come back from a lunch break these things will not be floating around all over the place. 
This may be a simplistic example but it does help to illustrate the problems with building 
in space. Forces in space generated from building actions are guaranteed to have such 
impacts which we do not have to worry about here on Earth. For example, the simple act 
of turning a screw in microgravity could turn into a nightmare. Pushing on the screw 
would push the whole structure and cause it to move. Turning the screw could likely 
cause the structure to spin. 
 Therefore, it will be in our best interest to build in an environment with gravity, 
limiting as much as possible the assembly required in space. The vehicle could be built 
on Earth and then lifted to low Earth orbit (LEO) with a rocket. This would mean that it 
could not weigh more than the payload that can be carried by the largest rocket available. 
For example, Titan 4 can lift 47800 pounds to LEO [2]; therefore, the vehicle could not 
weigh more than 47800 pounds. However, we are neglecting the possibility of 
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constructing the vehicle in multiple parts, each weighing less than or equal to the rockets 
payload ability, and simply connecting these parts in orbit. 
 This brings about an interesting problem. As a simple example, let’s say we want 
to build a vehicle that holds a total volume of 64 units3. We could simply build a box of 
size 4x4x4 units; its volume would be 64 units3 and its surface area would be 96 units2. 
Instead, we could build eight 2x2x2. Each cube would have a volume of 8 units3 and a 
surface area of 24 units2; add these together and we get a total volume of 64 units3, same 
as the 4x4x4, but a surface area of 192 units2, exactly double that of the 4x4x4. If we 
were to actually build these containers, we would need to use less material to build the 
4x4x4, even though the eight 2x2x2s hold the exact same volume. 
 Let us now expand on this example by considering the transport of these 
containers to LEO. Imagine that we have a rocket called Freedom that can lift 50 wunits 
(a unit of weight) to LEO, and that 1 unit2 of the material used to create the container 
weighs 1 wunit. Thus, the 4x4x4 container, weighing 96 units, is too heavy for the 
Freedom to lift. Therefore, we would have to use smaller containers, such as the eight 
2x2x2s, instead. What were to happen if we were to construct the 4x4x4 container on the 
Moon instead? The Moon has 1/6 the gravity of Earth, and therefore the 4x4x4 container 
would weigh just 16 wunits on the Moon. It could be constructed on the moon instead of 
the Earth and then lifted with ease by the Freedom. We’ve thus saved resources by 
building on the moon instead of Earth.  
 This example of building the transport vehicle on the moon wonderfully extends 
to the building of our space station. After all, our station for the most part can be said to 
be just a large version of our transport with two additions: a system of transferring gasses 
to and from a vehicle, and a module for the people servicing the station to live. The Earth 
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station, once lifted from the Moon, could then be transported and put into 
geosynchronous orbit (GEO). Another observation about this scenario of Moon building 
is that it shows even more need for a colony on the moon. You may have been 
considering mining helium-3 to be a job for robots, but certainly building a tanker vehicle 
or a space station is a job better suited for humans. 
A Sample Journey 
 
 To build a better picture of this scenario, we must consider a sample journey from 
beginning to end. From Earth, hydrogen will be packaged on a shuttle (not necessarily 
NASA’s current shuttle). This shuttle could be controlled by people inside of it, or in a 
better case could be either remotely controlled or piloted by an onboard computer if such 
a system could be reliable. Having no passengers on the spacecraft, life support and 
living space would be unnecessary and there would be less to mass to lift. In any case, the 
shuttle would travel to LEO, refuel, go on to GEO and dock with the station. It would 
then be connected to a hydrogen tank and the hydrogen would be pumped from the 
shuttle into a large tank. Next, the shuttle would be connected to a helium-3 tank and the 
helium-3 would be pumped into the shuttle. The shuttle would then travel back to the 
Earth’s surface and unload the helium-3 to be used in a fusion reactor. Back at the station, 
the “tanker” would arrive; it would deliver its helium-3 and load the hydrogen much the 
same way as the shuttle. It would then travel to the Moon and dock with the similar 
station there, delivering its hydrogen and loading helium-3 to take back to Earth. A 
shuttle would then arrive from the Moon to deliver helium-3 and take hydrogen back to a 
water plant on a deposit of oxide rock. 
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A Water Factory in Orbit 
 
 This is a great illustration of a successful use of a space station, but it depends 
much on the assumption that water will be produced on the Moon. After all, if water 
cannot be created on the Moon, it will need to be sent from Earth instead of the hydrogen. 
Why, you may ask, would water not be able to be produced on the moon? After all, there 
is oxygen in Moon rock. For what reason would water production not be possible? What 
is being ignored by these questions is that while water production may be possible, it will 
not necessarily be cheap or easy. In order to produce water on the Moon, oxygen will 
have to be relatively easily and cheaply mined from the Moon, and there will have to be 
massive energy sources in place using locally available fuel sources. Granted, these two 
assumptions will most likely be true in 50 years, but what if they are not true in 20 years, 
when a colony on the Moon is first taking shape? In this case, water (instead of 
hydrogen) will have to be sent from the Earth. 
 How will the water be transported to the Moon? We noted previously that water 
could be transported using conventional rockets. Since we must send the water (ready to 
use) instead of just the hydrogen, we will need to find an alternative to the previous 
example. Are rockets our only solution? Perhaps there is in fact another solution. If we 
could gather both the hydrogen and oxygen that make up water into GEO, then instead of 
creating water on the moon, it could be created in orbit instead.  
Gathering the Components 
 
 Why should water be created in space instead of on Earth? This is an important 
question; there needs to be an advantage in creating the water in orbit. Lifting oxygen and 
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hydrogen to orbit does not have a distinct advantage over lifting water, since the load 
would have the same weight. Thus, in order to justify our water factory, we will need to 
collect at least one of the two components in a way that requires less energy and fuel. A 
convincing argument can be made for gathering the oxygen and/or hydrogen from Earth’s 
atmosphere. 
 There are a few ideas for mining the atmosphere. The IQP team focusing on 
harvesting the atmosphere has researched a number of mining vehicles, including a space 
tether and a “dipping vehicle.” However; their conclusion is that there would be too many 
complications, such as stability of the vehicle, and that ultimately such efforts would not 
exceed the breakeven point necessary to justify using these techniques with current 
technology. However, these conclusions focus mainly on mining oxygen. A case could be 
made for mining the top layer of the atmosphere for hydrogen. This would not require 
mining at the lower levels necessary for mining oxygen. 
The atmosphere harvesting team mentions using a balloon to deliver gasses. This 
could possibly be a great way to deliver hydrogen to a space station in orbit. After all, 
hydrogen is lighter than air. It would make perfect sense to take advantage of this 
property. 
In our scenario, the balloon travels to a height of approximately 51 km. Because 
the air at this height is much thinner, the hydrogen will have expanded and the balloon 
would be in danger or bursting. However, a valve would be opened to release some of the 
hydrogen; this would also propel the balloon higher, possibly 100km – halfway to space. 
A vehicle would then be sent from the station to collect the balloon; this vehicle could 
also be collecting oxygen in the upper atmosphere. 
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 However, our idea soon burst into flames. It was pointed out that this scenario is 
riddled with many different problems. One of these problems is the fact that the vehicle 
will be traveling at such high speeds and this will make collecting the balloon extremely 
difficult. Another major problem is that each balloon is a possible Hindenburg; any 
contact with the atmosphere could cause an explosion. No sane pilot would risk being 
part of such a catastrophe. Even losing an unmanned craft would be terribly costly. These 
problems would have to be solved in order to make hydrogen self delivery to rendezvous 
a viable transport option. 
The Water Factory Space Station’s Function 
 
 Creating water in orbit means that we would need a space station. The space 
station would serve a series of related functions. Although most of the processes would 
be automated, as with the gas trade station, there would need to be a habitat for a small 
maintenance crew. The station would serve all stages of the transport of water, from 
collection to departure to the moon. Therefore, not only would it serve as a water factory, 
but it would also be the center of an atmosphere mining operation and a collection point 
for the hydrogen. 
 In the case of mining the atmosphere, the station would accommodate the vehicles 
performing this function. Similar to the station used for gas trade, there would be large 
tanks for hydrogen and oxygen. The mining vehicle would deliver its collected oxygen to 
an oxygen tank at the station and if it has hydrogen it would deliver it to a hydrogen tank. 
If a shuttle is used to deliver the hydrogen, then it would dock with the hydrogen tank 
instead. 
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 The water would be created in a large compartment and hydrogen and oxygen 
would be released into it from the hydrogen and oxygen tanks. This process would have 
to be heavily regulated. Each reaction would consist of very small amounts of oxygen 
and hydrogen, and these reactions would take place away from the rest of the gasses since 
a chain reaction could otherwise occur and the space station would likely be destroyed. 
The water would then freeze. When the compartment is filled with frozen water, if it had 
not already been done it would be shaped into a single block of ice. It would then be 
ready for its journey to the Moon. 
The Spacecraft Made of Ice 
 
Ice traveling in space is not uncommon; most comets are made at least partly of 
ice. Our block of ice would therefore be able to travel with only minimal equipment. 
What would it need in order to be effectively transported to the moon? It essentially 
would need just a drive and solar shielding. The question is what type of drive would it 
use? An ion drive was shown to be an effective way of moving our gas tanker. It could 
also be used as a drive for our ice ship.  
It would also need protection from the sun. The sun’s radiation would otherwise 
affect our ice ship - it would cause the water to evaporate. This is the same reason a 
comet forms a tail and also one of the main reasons why water is so rare on the moon. 
Therefore, proper shielding would need to be used in order to keep the ice from 
evaporating. This shielding would also serve another purpose as well. An ion drive uses 
the sun as its main source of energy, so the solar shielding would also be used as a solar 
panel to power the drive.  
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Creating and Storing Rocket Fuel in Orbit 
 
On the other hand, a chemical rocket would get the ice there in three days – much 
more quickly than an iron drive. Instead of using all of the hydrogen and oxygen stored at 
the water factory to create water, some of it could also be used as rocket fuel. In fact, this 
has many more applications than just our ice ship. Being able to refuel in orbit would 
have many advantages. The vehicles mining the atmosphere, if not solar powered, will 
need to be refueled in orbit. It is easy to see that while the vehicle is delivering its load to 
the station, it could also be refueled. 
 There is also a great advantage for having a station that is used just for refueling. 
Such a station would be placed in LEO; at this point a rocket that has taken off from 
Earth will have used most of its fuel. If it were to refuel at this point, it would be capable 
of traveling much farther than if it had not refueled. However, even if the rocket’s final 
destination is GEO, if it were to refuel at LEO it would be able to carry a larger load. 
Section Conclusion 
 
 It is true that a space station may not be a technical necessity for transport 
between Earth and the Moon, but it does allow for a larger diversity of transport options 
which would be better optimized for the specific mission and therefore be economically 
superior. Each mission consists of different types of transport and therefore the station 
must be designed as a part of a specific mission, not as a “one station fits all” facility as 
the ISS was designed to be. The stations described in the Earth/Moon scenarios will not 
accommodate all other missions very well. A station as part of human transport, for 
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example, will have much different requirements. When the case is made for missions of 
this type, it will be necessary to look at the space station as a possible part of the solution. 
 The stations in the Earth/Moon trade scenarios are not really the large habitat 
structures that Von Braun was thinking of. These stations, while larger than probably 
most if not all types of Korolev-styled research facilities, will not be huge orbital 
“skyscrapers.” They will not support a large mass of people. Most of the station that we 
envision to support the gas trade will not be habitable; our “oil refinery” will consist 
mostly of tanks and pipes, with only a small habitat for the small crew. This is not the 
“DS9,” as it does not have any need to be such a station. All hope is not lost, however. In 
the future, people will be traveling in space; this will create many new scenarios and a 
space station might serve these types of missions as well. What types of human transport 
scenarios are there and what kinds of space stations will be used to support them? 
The space stations that will be used in the Moon-to-Earth trade system will be 
relatively large in size housing storage tanks for exchanging of gas. The construction of 
these stations will lead into larger and more complicated structures that will eventually be 
capable of facilitating the exchange of people from one ship to another. The trade system 
will eventually branch out to include human passengers. The idea of having specialized 
ships will remain but rather than carrying gases, these transports will be carrying people. 
The reason for developing large scale space stations and transport craft are to 
facilitate the growing space tourism industry. These large Von Braunian type space 
stations will allow us to send many people into space and begin our quest to become a 
Type II civilization, as proposed by Robert Zubrin. We will eventually gain the capability 
to build such ships and structures and explore and settle other parts of the solar system.
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SPACE TOURISM 
Space tourism is inevitable. It is not a question of if but when? The overall 
economic success of this industry however is not so predictable. Success, especially for 
the pioneering companies, will depend on many things; technology, funding, and most 
important, willing and able passengers. Passengers want adventure, but not really serious, 
risky activities where the odds are against them all getting home again in one piece. This 
is not like volunteering to go into a war zone. 
 The reason I say space tourism is inevitable is because of what we have seen in 
the past. When new lands or regions are discovered, they are first explored by pioneers 
and over time, developed and settled by masses of people, some of whom were just 
passing through to see the sights and lived elsewhere. The western United States was first 
explored by the Spanish, but in terms of American occupation, Lewis and Clark laid the 
basis for American claims. Pioneers then began to settle in the west and discover the 
abundant resources it had to offer. In time, people were going to the west frequently to 
trade furs or discover gold. Railroads and roads were built to facilitate in the migration of 
people from the east to the west and the area shifted from hunting grounds, to range land, 
to farm land. Tourists wanted to “see” what the area was like “before it changed” in each 
case. 
 People are exploring Antarctica, Mount Everest, and the depths of the oceans 
now. Right after the researchers come the tourists. Companies are being formed, the main 
purpose of which are to open up these locations to anyone who is able and wanting to go. 
There are several companies that specialize in taking travelers to exotic locations such as 
these including one that sends tourists down in deep sea diving vehicles to see the Titanic 
wreckage and another called Quark Expeditions that has helped more than 30,000 people 
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visit the Arctic and Antarctic. Jungles, safaris, mountain tops, battlefields, the Australian 
“outback,” remote island beaches, the Galapagos, the pyramids, and Easter Island all are 
attractive due to how hard they are to get to and once reached, they are exotic and 
different from everyday life. 
 In space, we are seeing the same evolution of travel as we have seen before. Time 
and time again there were the pioneers, in this case the astronauts sent by the United 
States and the Soviet Union who explored Earth orbit, and later, in the case of NASA 
astronauts, the Moon. They were there in the name of mankind, science, technology and 
national pride, taking measurements, gathering information, and performing experiments. 
Traveling was difficult. Sitting in a spacecraft at the long end of a huge rocket was the 
only way to get up into orbit. Then came the shuttle which allowed space explorers to 
travel and stay in space easier and longer than a capsule but not as long as a space station. 
  
The First Steps 
 
Now we are beginning to see tourism take its first steps. During the lifetime of the 
Russian space station Mir, countries were able 
to pay to put someone from their country 
onboard a Soyuz rocket and into space aboard 
the space station. Although these passengers 
weren’t paying their own way nor were they 
free to do as they please, these were the first 
cases of a space agency making money by 
inviting paying passengers. 
Figure 5: Dennis Tito, space tourist. 
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Dennis Tito became the first official space tourist when he flew with two Russian 
cosmonauts to the International Space Station on April 28, 2001. He was the first private 
citizen to pay his own way for a trip into space. He was free to do whatever pleased him, 
being there for the experience rather than science.  
Mark Shuttleworth followed in April 2002 to become the second person to pay 
their way into space.  
There are hundreds of people willing to go right now, even with the huge cost. 
There are also hundreds of corporations who want to be able to send them into space and 
deliver them home safely (Spencer, 2004). 
A huge step forward in the space tourism industry was the Ansari X Prize 
competition. The non-profit Ansari X Prize Foundation offered $10 million to whatever 
privately funded group could build and successfully fly a spacecraft to the lowest level of 
space (100 kilometers) twice in two weeks with the same vehicle which also had to be 
able to carry three passengers. This stimulated huge competition and ingenuity among 
private space companies. The hopes are that eventually, a spacecraft of similar design to 
the winning craft will be able to take paying tourists on these suborbital flights on a very 
frequent basis, beginning the age of truly frequent space tourism (Belfiore, 2006). 
On December 17, 2003 (also the 100th 
anniversary of powered flight), Scaled 
Composites, Inc. achieved partial success. 
They successfully dropped the craft 
SpaceShipOne from another aircraft, White 
Knight which then, through rocket power, 
Figure 6: SpaceShipOne 
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broke the sound barrier, being the first private aircraft to ever break the sound barrier. 
Their goal to win the X Prize soon followed on October 4, 2004 when they successfully 
got SpaceShipOne to 100 km and back twice in two weeks, winning the Ansari X Prize 
challenge. Cofounder of Microsoft, Paul Allen, funded their effort with $25 million of his 
own personal fortune. 
The X Prize competition inspired 26 teams from 7 nations to compete. With this 
spark in interest created from the competition, many companies have developed and are 
now proposing new ideas for spacecraft that may one day be able to bring paying space 
tourists to Earth orbit (Belfiore, 2006). 
Suborbital flights will be the first type of space tourism available to the public.  
These flights will only be able to bring a few paying passengers to the outer reaches of 
our atmosphere or to the lower levels of space. 
One corporation that is dealing with such flights is the Zero Gravity Corporation. 
This company is the first in the United States to offer rides to the general public on 
specially outfitted aircraft that are able to provide the passengers with 30 seconds of zero 
gravity at a time over multiple intervals. The aircraft follows a parabolic flight path that is 
modeled after the NASA zero gravity aircraft that they used in the 1960’s to simulate 
zero gravity. The craft ascends and descends repeatedly and while in a descent, the 
passengers and craft fall with the same speed, creating the illusion of zero gravity for a 
short period of time. Other than land-based simulations, this will be the first type of space 
“tourism”; an artificial representation of zero gravity through these parabolic aircraft 
flights. 
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The Next Steps 
 
 
The next step in the space tourism industry is sub-orbital flights that take 
passengers out of Earth’s atmosphere. These spacecraft will probably be similar to the 
winner of the Ansari X Prize, SpaceShipOne, exiting the atmosphere but not achieving a 
velocity or height great enough for Earth orbit. This flight will be much like that 
experienced by the first American astronaut Alan Shepard in his Mercury capsule.  
 Next is where a question must be answered; the question that we are dealing with 
throughout this research paper. Does a space tourism industry benefit from the use of 
space stations or is this not a scenario in which space stations would make much sense? 
 First we consider a space tourism industry without space stations. After suborbital 
flights, there will be spacecraft that will be able to carry passengers to Earth orbit. Here 
they will be able to experience what astronauts do now. These spacecraft will enable 
tourists to stay in space for a longer period of time comparable to the length of a shuttle 
mission. This could last a week or two on average. They can enjoy weightlessness and 
perform various activities onboard the craft that brought them there. 
 Farther into the future, spacecraft will be able to bring paying passengers to the 
moon and lunar orbit, perhaps even landing them for brief journeys on the lunar surface 
to a Lunar “hotel” or moon base. Even later, spacecraft will bring space tourists to Mars 
and possibly even other planets where they can see the rings of Jupiter and Saturn 
perhaps. The more popular places will be those with awe inspiring sights and where one 
can land on another heavenly body, essentially island hoping the way a cruise ship of 
today does on the ocean. 
 78 
 Although this may sound plausible, it is not realistic. It is our contention that not 
only will space tourism benefit from the use of space stations, but space tourism simply 
cannot survive without the use of space stations. The reason for taking this position will 
soon become clear. 
What Is Needed To Succeed 
 
 As was mentioned in the beginning of this section, the commercial success of 
space tourism will rely heavily on an abundance of willing and able tourists. Even with 
an infinite number of people with the want, the health, and the money to become a space 
tourist, sending single spacecraft on these trips to Earth orbit, the moon and beyond 
simply will not be able to move the number of people necessary for the space tourism 
industry to be able to sustain itself. Someday there will be the ability to send people on 
vacations such as these; sending people on an adventure of their lives to the lunar or 
Martian surface. However, without the ability to send a large number of tourists at once 
and make a continuous stream of arrivals so that the facilities are always occupied, there 
will not be enough revenue to make it all worthwhile.  
The type of spacecraft that would be used if no space stations are involved would 
have to be able to enter Earth orbit, then traverse the vastness of space to its destination, 
possibly enter that body’s atmosphere, liftoff again, travel back to Earth, and then re-
enter Earth’s atmosphere to bring the passengers back safely. This type of spacecraft may 
certainly be developed in the future, but the cost of such a capable vehicle would be 
immense, especially if they were large, and only the major space agencies of the world 
would be able to support the cost of developing and building them. Realistically, such 
versatile craft would have to be small and capable of carrying only 10-15 passengers at a 
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time in addition to the crew. Even with a fleet of these ships, the amount of time that they 
would be in use, especially on long trips such as those to the moon or Mars, would 
severely limit the number of tourists that could be brought into space. Without large 
quantities of tourists, each tourist has to pay a lot and there is limited revenue due to the 
small pool of passengers available to the space tourism industry, which will have to make 
a profit or fail. 
 Since there is little chance of a vast fleet of capable, but experienced, individual 
tourist spacecraft, there will have to be a way of getting a large number of tourists into 
space. The answer to this problem is space stations serving as passenger terminals. In the 
future of space tourism, there will be a few main types of space station, each serving a 
different purpose and aiding in the mass transport of people. Not only would this benefit 
the space tourism industry, but also other forms of space industry as well, including moon 
to Earth trade.  
Space stations are not a necessity when dealing with the number of people that we 
currently send up into space. Just like the subways and busses in major cities, these things 
only came along when they were needed due to the expense of moving so many people 
by wagon or car. As the populations of cities grew, getting from here to there became a 
more difficult task. Traffic problems developed and gridlock compounded it. The 
addition of public transportation like buses and subways provide alternative ways to get 
steams of peole to a destination. Through bus stops and subway stations, large numbers 
of people can be sent from one hub to another in a relatively efficient way. We envision 
the same thing occurring in space.  
Sending a few astronauts up in the space shuttle or a few cosmonauts up in a 
Soyuz capsule is fine for now. Even when we begin exploring the moon and Mars again, 
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individual spacecraft will have to be used. However, as space becomes more developed, 
it will no longer be economical to launch a large rocket based vehicle (such as the shuttle) 
each and every time people need to be sent up into orbit.  
Craft can be developed that will bring a reasonable number of space-goers to a 
particular hub in orbit, a space station, that will serve as a type of bus station or airport 
where they can then transfer to a different spacecraft that will bring them to their next 
destination. Specialized craft not designed to takeoff or land will be used in-between each 
of these hubs.  
First there will be the spacecraft that bring people to the “spaceports” in Earth 
orbit. These craft will make repeated trips to and from orbit. This type of craft may be 
modeled after something like a larger version of SpaceShipOne, which is first brought 
high into the atmosphere by a separate jet then launched from there. No take off from 
Earth is required. The spacecraft will then land like an airplane. It will have the ability to 
reach orbit, return, and be ready to launch again in a short period of time. There will also 
be spacecraft of this sort for landing and taking off from the moon and Mars, each type 
being optimized for the particular body it is operating on and off of.  
Lastly, there will be the spacecraft optimized for space transit that have no need 
for entering an atmosphere or resisting gravity of any type. These vehicles will be used to 
transport people from one orbiting spaceport to another. These can be light craft, made of 
materials previously unheard of in spacecraft design because they would never have to 
survive the stress of re-entry or even the stress of supporting its own weight in gravity. 
These particular spacecraft can be constructed right in space, and can be quite large. 
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With this type of system in place, the industry will have the ability to serve the 
amount of tourists necessary to keep space tourism alive. Tourists can be brought up in 
specialty craft that will dock with a 
space station in Low-Earth orbit acting 
as a spaceport. From there they can 
transfer to a different ship that can 
bring them to their next destination, 
either a space station “resort,” a hotel 
in geosynchronous orbit or to another 
port with other luxury liner-type space stations docked there. From these ports, tourists 
can board these “space liners” that will bring them on tours around the moon, Mars, or 
the asteroid belt (Spencer, 2004). Some of these will dock with stations from which they 
can land in a different craft on a moon or planet. 
Early in the space tourism industry, the only option for space tourists will be 
hotels in space. These will be large structures that can perhaps be built in space out of 
modules, or in another way. Some space tourism companies are looking into the 
possibility of inflatable space stations. These stations will be much lighter and easier to 
construct since basically the entire structure is collapsible, sort of like the tents for desert 
or safari tourists. Later, given space liners and large “ports,” different configurations will 
have to be made for these types of space stations. The space liners may be inflatable as 
well but a large space port will have to be durable since it must withstand docking 
activities.  
All of these structures are more of a Von Braunian type vision of what a space 
station should look like; large complicated structures in space serving as a hub of activity. 
Figure 7: Bigelow Aerospace’s Nautilus Hotel 
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Some of these stations will be difficult to construct but given time and advancements, one 
day we will have the ability to make these dreams become a reality. These stations must 
first become cost effective and their expense must be justifiable. 
Space Liners 
 
The space liners mentioned previously are the real bread and butter of the space 
tourism industry. Modeled after the cruise ship industry, these space liner fleets will 
provide many of the same services as today’s cruise ships of the seas. This idea of the 
space tourism industry being much like the cruise line industry of today is not original 
thinking on our part. We credit John Spencer who authored the book Space Tourism: Do 
You Want To Go? in which he describes the cruise line model for space tourism. He may 
have earlier sources. 
On Earth, most people fly to be gathered at an ocean port before boarding their 
respective ocean liner or cruise ship. Space tourists will fly into orbit aboard any of the 
available orbital access vehicles to dock with the “airport” in space. From there they can 
fly to the port of the space liners and board their ship there. Once aboard the space liner, 
there can be a number of activities that the passengers can take part in while en route to 
their destination and back. These activities may include entertainment in the form of live 
shows, singers, space dancing, gambling, and other activities more related to the space 
experience, such as space walks, viewing Earth from afar, astronomy and demonstrations 
of how different things act in space – i.e. games like basketball in microgravity. 
Eventually, just like the cruise ships of today, passengers will be able to exit the 
craft and explore the destination(s). Today, passengers on ocean liners can go out on jet 
skis or go hiking to explore on a tropical island, glacier, or mountain where the coasts 
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become appealing “stops.” One day space tourists may be able to do the same type of 
activities, being able to be sent down to the surface of the planetary body and being able 
to explore and perhaps even drive a moon buggy type vehicle in a massive asteroid 
impact crater. 
Cruise ships nowadays are becoming more and more automated, reducing the 
amount of ship maintenance that has to be done so that the crew can focus more primarily 
on passenger interaction, entertainment and service. A further increase in automation will 
be vital in building successful off-world cruise ships (Spencer, 2004).  
Once people are living in Moon and Mars colonies, visits to Earth to experience 
an ocean will be very attractive oddities. The two tourist industries may become 
interwoven. 
Cruise type spacecraft will be needed so that tourists will be kept busy and active 
while en route to their destinations. The best of it all is that each of these familiar 
activities when done in near zero gravity become a near new experience which is quite a 
draw in and of itself. 
Is There A Market? 
 
As far as available tourists goes, studies have shown that there is indeed a market 
for space tourism related adventures. During the week that Dennis Tito was in orbit, there 
were several surveys conducted. One of these asked the public if his tour of space was 
good for the future of space exploration. 79% said “yes, it stimulated public interest” 
while 21% said “no, tourists divert the crew from their responsibilities and compromise 
flight safety (Spencer, 2004).”  
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Another survey asked what people thought about putting paying passengers in 
space. Out of 55,005 responses, 66% said “I would take the trip, if I could afford it.” 19% 
said “I don’t think the time is right for space tourism.” 14% said “I wouldn’t go, but I see 
nothing wrong with others going (Spencer, 2004).” That is 80% that at least support the 
idea of space tourism and would go or perhaps give someone else the “gift” of a space 
trip. In the future, costs will come down with new technologies and hopefully one day it 
will be affordable for the average person to be able to go at least once in a lifetime – or at 
least “win” a trip in a lottery or game show. 
Space Adventures, the world’s premier space tourism and space experiences 
company, conducted its own poll on space travel in 2000. It found that 86% of those 
polled were interested in space travel for tourism and leisure with 10% actually earning 
enough to go through with it if given the opportunity. There were projections that right 
now, between 5,000 and 10,000 people per year would participate in suborbital 
spaceflights priced at $100,000 per flight. This shows that space tourism is potentially a 
billion dollar market (Spencer, 2004).  
Another study was conducted by NASA to forecast America’s need for access to 
orbit by the year 2020. The study was conducted by the Futron Corporation, an aerospace 
consulting group. In their words, “The survey, which polled hundreds of affluent U.S. 
residents on their interest in space travel, is the latest in a string of market research 
studies looking at the public’s interest in space tourism. What sets it apart, pollsters say, 
is its focus on individuals with the financial means, and not just the desire, to make the 
trip.” The poll revealed that out of 450 people each with a minimum annual income of at 
least $250,000 a year and a net worth of about $1 million, 20% of those polled would buy 
a ticket for a sub-orbital hop at a cost of $100,000 for just 15 minutes in space as soon as 
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it becomes available to the public. About 7% said they would be willing to put down $20 
million for a two-week trip aboard a space station in Earth orbit (Spencer, 2004). Keep in 
mind that this is at the present time. In the future, when the cost of such a trip goes down 
drastically, there will be thousands of people lining up for the chance to ride into the edge 
of space and even to take a trip on a space station. 
That day could come even more rapidly with a lottery that allows one to pay 
$100,000 for a 1 in 1000 chance to be the one to go into space. Those odds are better than 
no chance at all and might become a popular birthday gift to a space buff. Longer odds at 
a lower cost would probably be even more attractive. 
With the addition of space stations as gathering points and destinations, making 
mass transport of space tourists possible, and also new technologies that will help make 
the cost of such space trips more reasonable (one of these technologies is the ability of 
mass transport itself, since being able to transport large amounts of people at once brings 
down the cost in itself), there is absolutely a market for space tourism. If done right, it 
will be one of the multi-billion dollar industries of the future, say by 2035. 
Another technological breakthrough worth mentioning here is the space elevator. 
If we develop the ability to construct long strands of carbon-nanotubes and are able to 
produce a space elevator (not in any way an easy task) the space tourism industry will 
benefit so immensely that it will change the face of human vacationing forever. The 
space elevator will be able to transport a massive steam of people into geosynchronous 
orbit very cheaply and safely. This would do away with one of the more difficult parts of 
the model laid out earlier. That is the production and sustainability of a craft that will exit 
and re-enter the atmosphere repeatedly and, despite that stress, not need to be replaced 
very often. Constructing a craft that can survive re-entry is difficult and costly and the re-
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entry process itself is inherently dangerous. Takeoff is both dangerous and energy 
intensive whether it is from the ground or from an aircraft in the stratosphere. If a space 
elevator could be developed it would eliminate the need to worry about this leg of the 
journey and massively reduce the amount of energy consumed per person delivered to 
orbit.  
The space industry would have the ability to take less healthy passengers from 
anywhere in the world into space at a relatively modest cost. The “crowd” that needs to 
be gathered to fill the “liner” craft could then be gathered using relatively cheap Earth 
transport systems that already exist and they could be lifted directly to GEO liner 
terminals. That is very different from going from aircraft to spacecraft to LEO station and 
either transferring to an orbital transit vehicle to go to GEO or refueling in LEO and 
having the spacecraft take you two steps. 
Another question that arises is whether or not the current International Space 
Station could serve a purpose in the space tourism industry. Basically, the answer to that 
question is no. The International Space Station is not set up as a space port; it was 
constructed as an orbiting laboratory. A space station serving as a space port or as a space 
liner will have radically different configurations and purpose than the ISS which is also in 
the wrong orbit to serve as a space port for sending craft to the Moon or Mars. It also 
could not serve as a space hotel however it would be a better “destination” than MIR was. 
If indeed a space elevator is constructed, then the ISS is actually in an orbit 
suitable for receiving space tourists, however as mentioned previously, it is not 
constructed to be a space port at a place of departure nor is it in an ideal orbit for 
refueling before climbing to GEO. Perhaps with some overhaul it could be reconfigured 
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into a receiving port but it would most likely be more cost effective to simply construct 
an entirely new space station to serve that purpose. 
A space tourism industry without space stations can only go so far. Basically the 
only thing the that could be done with it is sub-orbital rides that take passengers to only 
the extreme outer reaches of our atmosphere or very low levels of space to experience a 
few minutes of weightlessness. Of course, spacecraft could be built that could take 
tourists on journeys around the Moon or to Mars and maybe even on to the surface of 
these bodies but it is not the ability of these spacecraft that matters. The key thing to a 
successful space tourism industry is making a profit. Space tourism is perhaps the only 
space industry that must make a profit in order to survive. There are no other options 
since no nation’s space agency is going to subsidize joyrides for long. Spacecraft 
designed to reach the Moon from Earth could indeed carry passengers as mentioned but 
only a very small number. In order to make a profit, the cost of space travel is going to 
have to come down significantly and there will also have to be many tourists making 
these trips together in continuing streams that keep the “Moonbase Hotel” occupied to 
capacity on a continuous basis. Spacecraft that take off and land must be small and will 
not be able to send enough people to turn a profit. Only through space stations will there 
be the ability to send the masses of people to space that need to be sent to support the 
construction of a space liner or cruise ship. This construction will not be able to be done 
on Earth either. At the least, modules will need to be assembled in space and more likely 
construction would be in orbit or on the Moon, which as only 1/6th the gravity of Earth, 
and no atmosphere to contend with on launch.
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MAN-TENDED PLATFORMS 
 
 To assess the case of whether or not a space station would be of use in a man-
tended platform scenario, one large assumption must be made. This is that there will 
indeed be man-tended platforms in the future of space infrastructure. Now whether this 
will become a reality or not has yet to be determined. However we have formulated our 
own opinion on the subject matter and will show the reasoning behind our beliefs. 
 First one must answer the question, what is a man-tended platform? A man-
tended platform is similar to a space station in that it is a large structure in space, 
however, a platform has no pressurized cabins that could support human life. This 
platform is similar to a large gantry or support structure that will hold arrays of 
instruments that we now put in space on small satellites. These instruments will be 
miniaturized and the arrays could be used for Earth sensing, communications, 
broadcasting, or even materials processing (Pravada, 1999). 
These satellite-like instrument packages will all be connected to the same 
structure through the same downlink connection, or bus. This is very much like how 
different electronics companies such as Sony and Samsung make separate and different 
DVD players but both connect to the television through A/V cables and both use the 
same 120 V power source provided by the electrical connections in the house it is being 
operated in. This would greatly simplify the construction of these space platforms, having 
the platform manufacturers set the standard with the help of instrument manufacturers 
and having everyone who builds something to be put on a man-tended platform follow 
this standard.  
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The platform would have multiple housings for such instruments and satellites 
and would also support the power requirement of these instruments. Large solar arrays 
could be used to power each of the satellites on the platform and also batteries or perhaps 
even some sort of nuclear power device. This will further simplify the design of the 
satellites and instruments that companies put on the structure.   
As for the man-tended part of the title, every so often these space platforms will 
be serviced by a crew. The crew will be able to dock with the platform and perform 
repairs, upgrades, or even entire replacements of satellite-like instrument packages that 
are housed on the structure.  Having all the instrument packages in one location will 
facilitate the crew’s mission. They will be able to perform regular maintenance on 
multiple “satellites” that are in one known point in space and are designed to be 
upgraded. They do not have to be compact with a lot of miniature components. 
With current single satellites, it is usually either too difficult and/or too costly to 
send up the shuttle or other vehicle, and either repair a particular satellite in space or 
retrieve it and bring it back to Earth for repair/upgrades.  
Repairs and upgrades in orbit have been performed on the Hubble Space 
Telescope but since it cost a billion dollars to construct and repair, this method is not a 
cost effective way of dealing with problems on typical satellites. Usually with smaller, 
“cheaper” satellites, a company will simply abandon it and send up an entirely new one 
rather than upgrade or repair the old one. 
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Space Debris 
 
This is a major contributor to one of the current problems we are facing in Earth 
orbit – space debris. This is also what proponents of man-tended platforms hope to 
eliminate by the use of space platforms. If a satellite is damaged or experiences a failure 
while in service, it is nearly impossible to repair it. Instead, a new satellite is sent up in its 
place. This old satellite is left in orbit, becoming a tumbling hunk of metal hurtling 
through space on its journey to its final destination – burn-up in Earth’s atmosphere. 
However, this process can take years and until it is out of orbit, is a hazard that threatens 
other active satellites and more importantly, other space vehicles such as the shuttle and 
space stations such as the International Space Station.  
The advantage of man-tended platforms is that repairs and upgrades can be 
performed on the structure rather than just scrapping the satellite or instrument. Then at 
the end of its service life, it can be retrieved easily and cannibalized for spare parts at a 
space station or simply hurled directly to the atmosphere or into deep space to burn up in 
the Sun. 
International Plans 
 
Currently, the United States has no plans or intentions of getting into anything 
related to man-tended platforms. Its priority and resources are currently tied into the 
International Space Station. Although the United States currently places a priority on 
manned space missions and facilities, it still wants nothing to do with man-tended 
platforms. The Russians and Chinese find the concept interesting. 
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The European Space Agency originally came up with the idea of having man-
tended platforms and a modest two-person shuttle which they named Hermes to travel to 
platforms to maintain them. Their plan was originally proposed in 1986 with the 
Columbus Man-Tended Free Flyer. This project originally consisted of the Hermes 
shuttle which could go between US and Russian space stations (Space Station Alpha as it 
was called then and the late Mir Space Station) and also the Columbus MTFF.  
Hermes was very similar to the American shuttle, but half the size or less. It could 
hold 2 or perhaps 3 people and was divided into three areas; the crew cabin, the cargo 
hold, and the area for scientific activities and living quarters. It could carry 3 tons of 
equipment and spend 11 days in orbit as opposed to the American shuttle which can carry 
30 tons and spend 8 days in orbit and also carry 7 passengers and crew members. The 
launch method for the Hermes would be to mount it on top of the Ariane 5 rocket which 
at the time was still in the planning phase and was planned to be a single-stage-to-orbit 
(SSTO) rocket with 1 engine and 2 side boosters (St. Laurent, 1991). The American’s 
considered the idea of a billion dollar platform and mini-shuttle to be a cheaper 
alternative to the space station they were trying to fund and hence, a threat to its plans. 
They wanted no part of this. 
The Hermes shuttle and the Columbus MTFF were intended to open possibilities 
for commercial and scientific development of space and were presented as supplements 
to the space station. However, well into the design phase of Hermes and Columbus, it 
became unclear whether the Columbus would be a part of the International Space Station 
or if it would be an independent platform operating without a station. When the 
International Space Station gained support, the Columbus Man-Tended Free Flyer was 
pushed back from an active project to a concept to be developed later. Italy then refused 
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to pay its share of Hermes and France 
and Germany lent Italy money to save 
the project. Finally, funding from 
Germany and other countries was no 
longer available due to the rising cost 
of the ESA contribution to the 
International Space Station. France was still committed to the idea but could not fund the 
project alone, so the project was first pushed back and later abandoned (St. Laurent, 
1991). 
Another reason the idea may never have gotten off the ground is the ESA’s 
mindset that manned space is not cost effective. Italy claimed that on its first attempt to 
drop out of the program, and even the European part of the ISS, the ESA was weighting 
the benefits of having a manned space presence and found that manned space just wasn’t 
worth the cost and added complexity. France, Germany, and even Britain to some extent 
were determined not to be left out of what would be learned building a space station 
however. This mindset stressing unmanned technology is one of the main reasons that the 
ESA is dominating the unmanned space market of commercial satellites but it is also the 
reason that they may not be the leader when it comes to man-tended platforms if and 
when they do become part of space infrastructure, despite having invented the idea. 
 Russia has also delved into the idea of a man-tended platform. The S.P. Korolev 
RSC Energia Corporation developed the Universal Space Platform within the Yamal 
project. It was a prototype that they launched on September 6, 1999. The platform 
provides RSC Energia the ability to develop and launch satellites with different purposes 
and have other space instrument developers construct their products in accordance with 
Figure 8: Columbus man-tended free flyer concept. 
 93 
their standards. This is done through the use of the multi-purpose satellite bus 
(S.P.Korolev, 2000). 
The multi-purpose satellite bus, has no pressurized compartments which is a 
feature common on most satellites. It has compartments, solar panels, and on-board 
antennas which are made of sandwiched honeycomb structures based on composite 
materials. Power is provided by solar panels and Ni-H batteries (S.P.Korolev, 2000).  
The Universal Space Platform is able to operate in low, middle, and high earth 
orbit, sun-synchronous orbit, and geostationary orbit. It weighs 950-1,200 kg and can 
carry a payload of 250-1000 kg depending on orbit. It also puts out 3,000 W of power at 
28.5 V. In low, middle and high-elliptical orbits, it has a service life of no less than 7 
years and in geostationary orbit, it can last as long as 12.5 years (S.P.Korolev, 2000).  
Currently, Russia is proposing a new orbital platform. Roskosmos Chief, Anatoly 
Perminov, mentioned that Russia would design a new platform for its cosmonauts at the 
International Space Congress on October 14, 2004. The new platform would enhance 
research at the International Space Station and would combine the advantages of manned 
and unmanned technology (Pravada, 1999). 
 China is also getting into the game and has announced their plans for a universal 
space platform, probably similar to the plans of Russia, which China has been using as a 
role model in their infant years as a space power. Their platform will be a large 
geostationary satellite platform that will be used heavily in the communications market. 
The platform will house many communications satellites and will be constructed with 
input from the many communications companies that will put their satellites on the 
platform. These satellites, which will be used for broadcasting, tracking, data relay, and 
military purposes, will require high power output from the platform.  
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The development of the platform will come in three phases. The platform will 
initially be able to put out 6,000 to 8,000 Watts, carry a payload of over 450 kilograms, 
and will require maintenance every 15 years according to China’s market demand and 
technology status. The second phase will introduce a greater power output of more than 
10,000 Watts. The final phase will add an electric thruster which will be used for orbit 
control, increasing the life of the platform. It is predicted that by 2010, the platform’s 
payload will be over 800 kilograms and will house a large number of communications 
instruments (Pike, 2005). The question is how often the communication instruments will 
fail, be upgraded, or need inspection. If annual trips are needed there is a new manned 
space market and shuttles will be designed for this task. If the 15 years between trips 
estimate is right, the equipment used will be designed primarily for other types of 
missions. This will not be an important enough market to invest in new design concepts. 
Space Stations? 
 
 One idea, which is the idea that we are researching, is whether or not space 
stations would be useful in a man-tended platform scenario. The idea is rather simple. 
Usually, if a platform needed to be serviced, with either upgrades or repairs, a crew could 
be sent up from the Earth in either the shuttle or some other manned vehicle to travel to 
the platform and perform their duties. The catch is if there are a large number of 
platforms, this could start to become very inefficient since sending humans into space is, 
at least at the moment, very costly as well 
Rather than launching a crew up each time a platform is scheduled for (or needs 
emergency) maintenance, perhaps a space station could be commissioned that would 
have either a particular cluster of man-tended platforms it would service or maybe a 
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particular orbit range. A number of these space stations could be built in orbit to service 
all of the man-tended platforms that we have there. A crew can stay on the station for a 
prolonged period of time, and when needed, could take some sort of vehicle specialized 
for space-only travel to go and service the platforms. This way, any time a repair or 
upgrade is necessary, it can be done quickly and much more efficiently than sending up a 
crew from Earth.  
The space station would probably also double as a research facility which is the 
topic of another part of this paper. This would be the case simply because even with a 
large number of man-tended platforms, there still wouldn’t be nearly enough work to 
keep the space station crew busy the entire time unless you were visiting them 1-2 times a 
year, then 24 platforms at twice a year would mean something like a weekly platform 
tending mission for the crew. The current U.S. space shuttle is at risk primarily on launch 
and landing, so when it can be refitted and refueled in space, it might be able to stay at 
the International Space Station for a month at a time doing this kind of work. 
Next comes the question of whether or not space stations would be of use in a 
man-tended platform scenario as part of China’s plans for a man-tended platform. Their 
once in 15 years visit schedule greatly reduced our optimism that there is a market here. 
That number should jump out at anyone who reads it.  Basically, it is almost completely 
ruling out the need for space stations to take care of the man-tended platforms. In fact, 
current satellites are so well designed that there really isn’t a need for a repair crew to be 
constantly on call, and when something does break down, it has usually been in service 
long enough to have paid its own way and sometimes to pay for its replacement as well. 
Another satellite can simply be sent up to replace it cheaper than performing repairs on it. 
This is only one of the reasons we are considering it unlikely that space stations will be 
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built for this application. China sees the trend as being toward robust, low maintenance 
equipment on platforms that will be even less likely to require “tending.” 
Another reason is the number of platforms needed to make building a space 
station and maintaining it worthwhile. With the figure just mentioned, there would have 
to be a great number of these man-tended platforms in orbit for a single space station to 
be useful.  
In 1957, Sputnik, the first artificial satellite was launched by the Russians. Today, 
there are 3000 active satellites in orbit (Oberright, 2004). However, the number of 
satellites, while still on the rise, is forecasted to level off in the near future. The Futron 
Corporation has done studies that show that by 2012, the number of new satellites 
launched will level out due to the ever increasing power and life of satellites (Futron 
Corporation, 2004). This means that if there are indeed platforms, there will be much less 
“servicing” work than would be needed to make a space station or a service center 
worthwhile.  
We also question the usefulness of having a large number of platforms. While it 
may be convenient to have a lot of satellites and instruments on one structure in space, it 
may not make sense. Take GPS for instance. GPS satellites are constructed and put into 
orbit in a way to cover the entire Earth. Having more than one GPS satellite on a platform 
would be useless unless its sole purpose was to be a backup. Also, you only need so 
many of these types of satellites. With satellites, the phrase, “the more the better” is not 
valid. You only need so many GPS and communications satellites made by companies 
such as Comcast or Verizon. Once you have a whole area covered, there is no need to add 
more. This is another reason that we think platforms will not really be of much use unless 
communications, Earth sensing, and manufacturing in space really takes off. We will 
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need to regularly visit production facilities to deliver raw materials and pick up product. 
There may not be manned missions for routine pick-ups however as robotic systems like 
the Russian “Progress” rocket improve. The MIR supply rockets were unmanned though 
the cosmonauts guided them in at the end to their docking bays. 
One last reason for our skepticism is the fact that there will still have to be single 
satellites. Space Command, the United States’ other space agency, launches spy satellites 
and other types that most of us probably have no knowledge of (and aren’t supposed to). 
It is very unlikely that secret agencies would want their instruments alongside other 
“normal” satellites to be tended by a crew that should have no interactions with such 
equipment. There will always be some free flying instrument package satellites. 
More Junk 
 
While space platforms would certainly help with the problem of space debris, 
there are alternatives being looked into to deal with this problem. Currently, there are 
3000 active satellites in orbit around Earth. There are also 6000 hunks of space junk 
serving no current purpose other than being a threat to working satellites and astronauts. 
These are the remnants of satellites that have ceased to work and have still yet to be 
destroyed by falling back into Earth’s atmosphere.  
One way to deal with this problem may be the space tether. Space tethers are 
currently being looked into to catch satellites and “fling” them into higher orbits, thus 
increasing their life. Another application of these tethers may be to capture space debris 
and either launch it at the Earth’s atmosphere for a quick burn-up or into deep space, 
away from Earth’s orbit and away from functional satellites (McKee, 2005).  
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Another idea may be to develop some kind of thruster, maybe about the size of a 
watermelon that could be mass produced. These thrusters could be attached to broken 
satellites and then activated, having just enough fuel and giving the junk just enough of a 
kick to get it headed straight for a burn-up trajectory. Either way, we will have to deal 
with space junk sooner or later and there may be options other than man-tended 
platforms, which also do not deal with the problem of the space debris that is already in 
orbit, though it would slow down the rate at which it builds up. 
Another Possibility For Space Stations 
 
Although we have decided that man-tended platforms will not provide a major 
justification for the construction of space stations, there are two sides to this story. My 
predictions on the usefulness and number of space platforms may eventually turn out to 
be incorrect. Perhaps there will one day be a massive number of these platforms in orbit. 
In this case, yes, we can see space stations as facilitating the production of commercial 
product and maintenance of these platforms, especially if there are space stations already 
in the right area being used for different purposes such as space-based research. They 
could then be given double duty, both carrying out their original mission and also serving 
as a base for tending operations. In this case, we believe space stations do make sense.  
There is also another possibility that has been discussed recently. This involves a 
concept of man-tended platforms with a different definition than the one given at the 
beginning of this section. 
There is great debate over the current International Space Station. It has become a 
$30 billion facility constructed over a decade of time and it is not even close to be fully 
constructed yet. It can never pay for itself in its design lifetime and even if the focus 
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switched to making it fully available to private companies for research, it still could not 
generate enough money to make it worthwhile.  
NASA wanted the experience of building a large structure in space. The problem 
is it came at the wrong time. The ISS was too large a structure to be built following a 
simple “all-in-one-shot” Skylab. For the same price and much less time as the 
International Space Station, NASA could have launched 15 smaller, but highly 
specialized space laboratories, each designed to last a decade and perform research for 
private companies.  
Here lies the possibility for a platform-tending space station. These “platforms” 
are of a different configuration than the platforms talked about so far. They would not 
house satellites and instruments of that kind, but rather would house experiments and 
other research-related items. Although NASA could send up Skylab-type stations, it is 
possible that these stations may be made so that they are rarely made habitable to save 
money. Besides, with a small lab it may be a better use of resources to not have a crew 
live on the station, but rather have a crew in a nearby station tending all of these space 
laboratories.  
This is one scenario in which we believe a space station would be beneficial in a 
man-tending role. There would be enough “platforms” to make the life-sustainable 
tending station worthwhile. You see, the key to making these man-tended platform 
service stations worth it is the number of platforms and labs available to be serviced. 
They also must be in the same vicinity or orbit. The space laboratories could all be in the 
same relative location making them accessible to a station housing a crew with the 
purpose of tending these platforms. If someday a space agency does decide to launch 
such a cluster of space laboratories, a space station would absolutely make tending these 
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platforms easier and more cost effective as opposed to sending up a crew in a Hermes 
type shuttle each time an experiment must be changed or serviced. 
As far as a man-tended platform in the traditional sense goes, we are sticking with 
the belief that there simply won’t be the need for the number of platforms needed to make 
it worthwhile before 2050. There will be a limit to the number of satellites that we will 
need in Earth orbit. Already, GPS satellites cover the entire Earth and certain nations 
already have the amount of, say cable TV satellites that they need. If there are platforms, 
they may be of great use for certain applications but we think their numbers will be 
limited enough to the point that space stations will not be of great use until (if ever) 
orbital factories and largely automated laboratories become common. 
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CONCLUSIONS 
 
In researching space stations and the possible impacts they have on particular 
scenarios we have come to the following conclusions: 
The current direction that NASA is heading seems to be towards space travel, 
more specifically back to the Moon and to Mars.  While this seems like a great idea, 
research is going to have to be completed before we are ready to send astronauts off on 
such long-term space missions.  The only way to properly conduct this research is to have 
some sort of orbiting space laboratory.  It does not have to be as massive as the current 
space station; smaller platforms can complete the same task.    
Scientific improvements have been recorded in space along the lines of medicine 
production.  Antibiotics flourish in space due to the lack of gravity, and it is very 
beneficial to produce them in space.  A small increase in production will produce lower 
prices, and more affordable antibiotics.  This can be very important for places where 
antibiotics are not in abundance, such as third world countries.  If we can transport these 
drugs efficiently, than it would both save money, and help society to produce these 
medicines in space. 
Space stations will also be necessary in an Earth-to-Moon trade system. Mining 
helium-3 from the Moon is arguably the best chance we have at sustaining our energy 
needs for a long time to come. In order to transport this gas to Earth and other gases and 
goods from the Earth/Earth orbit to the Moon, space stations are a necessity. By using 
them, you avoid having to have one craft that must land and take-off from each surface. 
Instead, you can have specialized craft made to travel in between vital points along the 
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trade route. These stations will be handling a lot of activity and cargo and will eventually 
lead to bigger stations capable of handling human passengers. 
In the space tourism industry, space stations will not only be an invaluable tool, 
but a necessity as well. We have shown that in order for the space tourism industry to 
survive and succeed, it will need space stations. These stations will make the mass 
transport of people possible and the tourism industry needs a large amount of people to 
make enough money to stay in business. Without space stations, it is very likely that 
space tourism will not only struggle but cease to be an industry at all. 
With man-tended platforms, the most logical conclusion at the current time is that 
space stations will not be worth the large investment that they require. Satellites are 
getting more and more reliable and as technology gets better, the amount of satellites 
required to perform a particular mission decreases. Even if there is a market for man-
tended platforms, the likelihood of there being enough to encourage the construction of a 
space station for use as a launch base in repairing and upgrading missions is slim. As 
previously stated however, it is possible that there may be a series of small, Skylab-size 
stations used for research purposes in which case a habitable station tending these 
research stations may be needed. Also, if the estimates for how many satellites and man-
tended platforms there will be are wrong and these platforms require frequent upgrades or 
repairs, perhaps space stations would be beneficial in a man-tended platform scenario. 
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APPENDICES 
 
Appendix A:  
Assessing Cases for Space Stations – Baltimore Presentation 
The following is the PowerPoint presentation we presented at the Raddison Hotel in 
Baltimore, MD at the 2006 IASTS Space Conference. The presentation was a success, 
generating quite a few questions from the audience and sparking a conversation 
concerning space stations and the companies that would produce them. 
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